Development of tailorable advanced blanket insulation for advanced space transportation systems by Calamito, Dominic P.
1 
NASA CONTRACTOR REPORT 177444 
e 
.5 Development of T a i l o r a b l e  Advanced Blanket  I n s u l a t i o n  f o r  
Advanced Space T r a n s p o r t a t i o n  Systems 4 
i 
L 
f 
Dominic P.  C a l a m i t o  
1 
p a r t .  Date f o r  g e n e r d l  release April 1 9 8 9 .  
__- -__ 
(HASA-CR- 177444) DEVELOPHElT OF TAILOBABLE 
ADVAECED BLBHKBT IIISULATIO81 FOR ADYAUCED 
SPACE TRAISPORTATIOI SYSTEMS Coatractor 
Report,  A u g .  ,1985 - D e c .  .I986 
Structures) 182 p CSCL 118 G3/27 
(Woven Unclas 
0200977 
CONTRACT NAS2- 12 2 5 3 
April 1 9 8 7  
https://ntrs.nasa.gov/search.jsp?R=19890015115 2020-03-20T03:04:11+00:00Z
~~ 
NASA CONTRACTOR REPORT 177444 
Development o f  T a i l o r a b l e  Advanced B lanke t  I n s u l a t i o n  f o r  
Advanced Space T r a n s p o r t a t i o n  Systems 
Dominic P.  Calamito 
Woven S t r u c t u r e s  D i v i s i o n  o f  HITCO 
6 1 8  W. Carob S t r e e t  
Compton, CA 90220  
P repa red  f o r  
Ames Research  Center  
Under Cont rac t  NAS2-12253 
National Aeronautics and 
Space Administration 
Amas Research Center 
Moffett Field, California 94035 
Use of trade names or names of manufacturers in this report 
does not constitute an official endorsement of such products 
or manufacturers, either expressed or implied, by the National 
Aeronautics and Space Administration. 
ii 
PREFACE 
Th i s  r e p o r t  w a s  p repa red  by t h e  Woven S t r u c t u r e s  d i v i s i o n  of 
HITCO,  Compton, C a l i f o r n i a ,  under NASA C o n t r a c t  NAS2-12253. The 
program w a s  admin i s t e red  by t h e  NASA-Ames Research C e n t e r ,  Moffett  
F i e l d ,  C a l i f o r n i a ,  w i t h  M r .  P. M. Sawko s e r v i n g  as t h e  NASA 
Techn ica l  Monitor.  
M r .  R. H .  Pusch se rved  as Woven S t r u c t u r e s '  Program Manager, 
ass is ted by M r .  Dominic P. C a l a m i t o ,  Project  Engineer .  
The r e p o r t  c o v e r s  work performed d u r i n g  t h e  period August 1985 
t o  December 1986 and w a s  submi t ted  by t h e  a u t h o r  i n  A p r i l  1987. 
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INTRODUCTION AND BACKGROUND 1.0 
1.1 
1 . 2  
1.3 
A s  p a r t  of  N A S A ' s  program t o  develop  improved 
i n s u l a t i o n  materials f o r  f u t u r e  space  t r a n s p o r t a t i o n  
sys tems,  work has progressed  on a concept  u s ing  a 
woven f l u t e d  core f a b r i c  t h a t  has  t h e  f l u t e s  f i l l e d  
w i t h  f i b r o u s  i n s u l a t i o n .  T h i s  i n t e g r a l l y  woven 
material  c o n s i s t s  of p a r a l l e l  f a b r i c  f a c e s  connected 
t o  each  o t h e r  by f a b r i c  r i b s  t h a t  may be des igned  
t o  a v a r i e t y  of  f l u t e  cross s e c t i o n s .  V a r i a t i o n s  o f  
f l u t e d  core c o n s t r u c t i o n s  used i n  some of t h e  p rev ious  
e f f o r t s  i nc luded  r e c t a n g u l a r  and t r i a n g u l a r  conf igu r -  
a t i o n s ,  as w e l l  as c o n f i g u r a t i o n s  having t w o  l a y e r s  
o f  f l u t e s  between t h e  o u t e r  f a c e s ,  see F i g u r e  1-1. 
These f a b r i c s  have been woven f r o m  r e l a t i v e l y  f r a g i l e ,  
h igh  t empera tu re  yarns  i n c l u d i n g  As t roqua r t zb ,  Nexte lb ,  
Nicalonb,  and combinat ions o f  t h e s e .  I n s u l a t i o n  i n  
the f l u t e s  has,  f o r  t h e  m o s t  p a r t ,  been Q-Fiber  F e l t @ .  
FRCI 20-12 Type 3 r e f r a c t o r y  mater ia l  as  s u p p l i e d  by 
NASA has a lso been used. 
The prime a t t r a c t i v e n e s s  o f  t h i s  concept  has been t h e  
i n t e g r a l  bond between t h e  t w o  f a b r i c  f a c e s  a s s u r i n g  
containment  o f  t h e  i n s u l a t i o n  material  when t h e  system 
i s  s u b j e c t e d  t o  s e r v i c e  tempera tures  and loads .  The 
f l u t e d  core f a b r i c  a l so  has s u f f i c i e n t  f l e x i b i l i t y  t o  
conform t o  geometr ic  con tour s ,  and can be t a i l o r e d  t o  
m e e t  t he rma l  and mechanical d e s i g n  requi rements  by 
va ry ing  f l u t e  s i z e ,  f a b r i c  r a w  mater ia ls ,  and i n s u l a t i o n  
f i l l e r s  . 
U s e  of t h i s  T a i l o r a b l e  Advanced Blanket  I n s u l a t i o n  
(TAB11 as t h e r m a l  p r o t e c t i o n  f o r  O r b i t a l  T r a n s f e r  
Veh ic l e s  (OTV) appears  promising.  One concept  i s  t o  
i n c o r p o r a t e  TABI i n  a b a l l u t e  system which c o n s i s t s  
o f  a f i x e d  h e a t  s h i e l d  nose connected t o  an expandable  
o r  i n f l a t a b l e  s t r u c t u r e  a s  i l l u s t r a t e d  i n  F i g u r e  1-2 .  
The s t r u c t u r e ,  made f rom a number of  T A B I  go res  j o i n e d  
t o g e t h e r ,  would be stowed i n  as compact a volume as 
p o s s i b l e ,  and on command, be deployed t o  i t s  f i n a l  
shape.  Each gore  of t h e  s t r u c t u r e  would have t h e  T A B I  
f a c i n g  t h e  envi ronment ' s  h o t  side w i t h  t h e  i n t e g r a l l y  
woven s i n g l e  p l y  f a b r i c  on t h e  i n f l a t e d  b a l l u t e ' s  cold 
s i d e ,  a s  d e p i c t e d  i n  F igu re  1 -2 .  
0 Ast roqua r t z  i s  a r e g i s t e r e d  t r a d e  mark o f  J.  P .  S tevens  C o .  
b Nexte l  i s  a r e g i s t e r e d  t r a d e  mark o f  t h e  3M C o .  
8 Nicalon i s  a r e g i s t e r e d  t r a d e  mark of Nippon Carbon, Ltd.  
8 Q-Fiber  F e l t  i s  a r e g i s t e r e d  t r a d e  mark of  t h e  Manvil le  C o .  
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Figure 1-1 
WOVEN FLUTED CORE CONFIGURATIONS USED IN PREVIOUS 
TAB1 DEVELOPMENT PROGRAMS. INSULATION MANDRELS ARE 
SHOWN PARTIALLY INSERTED INTO FLUTES. 
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1 . 4  T o  f u r t h e r  develop and e x p l o r e  TABI materials f o r  
t h e s e  advanced a p p l i c a t i o n s ,  a c o n t r a c t  w a s  awarded 
i n  August 1985 t o  Woven S t r u c t u r e s .  This  program 
c o n s i s t e d  o f  t w o  i t e m s .  The f i r s t  involved  producing 
a q u a n t i t y  o f  f l a t  TABI p a n e l s  woven e n t i r e l y  from 
Nicalon s i l i c o n  c a r b i d e  ya rns  and i n s u l a t i n g  t h e  f a b r i c  
f l u t e s  w i t h  Q-Fiber  F e l t .  T h e  second i t e m  w a s  t o  
weave f l a t  f l u t e d  core f a b r i c  from a combinat ion o f  
Nicalon and As t roqua r t z  y a r n s ,  i n s u l a t e  t h e  f l u t e s  
w i t h  Q-Fiber  F e l t ,  and f a b r i c a t e  a two-gore assembly 
of t h e  TABI p a n e l s .  This  t a s k  would demonst ra te  t h e  
f e a s i b i l i t y  of manufactur ing contoured shapes  which 
might be r e q u i r e d  f o r  a b a l l u t e  system. Th i s  r e p o r t  
cove r s  t h e  work accomplished d u r i n g  t h e  c o u r s e  of  
t h e  c o n t r a c t .  
2 . 0  
2 . 1  
2 . 1 . 1  
TECHNICAL PROGRAM, ITEM 1 
O b j e c t i v e s ,  I t e m  1. T h i r t y  s i x  and one h a l f  meters, 
( 4 0  y a r d s )  of t r i a n g u l a r  cross s e c t i o n  f l u t e d  core 
were t o  be woven from N i c a l o n  s i l i c o n  c a r b i d e  y a r n ,  
and t h e  1 . 9 1  c m  (0.75 i n c h )  f l u t e s  f i l l e d  w i t h  3.57 
kgs / cub ic  meter (6 l b s / c u b i c  foo t )  Q-Fiber  F e l t .  T h i s  
mater ia l  w a s  t o  be fu rn i shed  t o  NASA as 30 p a n e l s ,  each 
1 2 2  c m  ( 4  f e e t )  long. The t a r g e t  c h a r a c t e r i s t i c s  
and dimensions of t h e  m a t e r i a l  e s t a b l i s h e d  by NASA 
are shown i n  Table  2-1.  
N o  major problems w e r e  a n t i c i p a t e d  i n  producing t h e  
f l u t e d  core f a b r i c  s i n c e  a s i m i l a r  Nica lon  f a b r i c  
w i t h  a smaller c e l l  h e i g h t  w a s  s u c c e s s f u l l y  woven and 
conve r t ed  t o  TABI p a n e l s  on a NASA c o n t r a c t ,  NAS2-11718, 
completed j u s t  p r i o r  t o  t h i s  new requi rement .  However, 
s i n c e  t h e  f l u t e  h e i g h t  of t h e  new p a n e l s  was s p e c i f i e d  
t o  be 1 . 9 1  c m  (0.75 i n c h ) ,  i n s t e a d  o f  1 . 2 7  c m  (0 .5  i n c h )  
as b e f o r e ,  it w a s  recognized  t h a t  some development 
would be necessa ry  t o  make s u i t a b l e  i n s u l a t i o n  mandrels  
f o r  f i l l i n g  t h e  f a b r i c  f l u t e s .  S i n g l e  l a y e r  Q-Fiber  
F e l t  t h a t  could  provide  t h e  correct d e n s i t y  and t h i c k -  
n e s s  f o r  t h e  new e f f o r t  w a s  no t  a v a i l a b l e .  Some e f fo r t  
w a s  a l so  expec ted  f o r  r educ ing  t h e  t i m e  consuming 
o p e r a t i o n  of i n s e r t i n g  i n s u l a t i o n  mandrels i n t o  t h e  
f ab r i c  f l u t e s  which w a s  exper ienced  i n  t h e  p rev ious  
c o n t r a c t .  Thought w a s  a l so  g iven  t o  p rov id ing  i n s u l a t e d  
f a b r i c  p a n e l s  s u i t a b l e  f o r  t e s t i n g  and e v a l u a t i o n  by 
NASA and fo r  p o s s i b l e  f a b r i c a t i o n  e f f o r t s  by o t h e r s .  
The re fo re ,  some changes were expected i n  procedures  
and i n  t a r g e t  charac te r i s t ics  of t h e  new T A B I  p a n e l s .  
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Table 2-1 
TARGET CHARACTERISTICS AND DIMENSIONS OF ITEM 1 FLUTED FABRIC 
F A B R I C  Y A R N  C O U N T  
( W A R P  X F I L L )  
T O P  F A C E  
E N D S / c m  X P I C K S / c m  
E N D S / i n c h  X P I C K S / i n c h  
R I B S  
E N D S / c m  X P I C K S / c m  
E N D S / i n c h  X P I C K S / i n c h  
B O T T O M  F A C E  
E N D S / c m  X P I C K S / c m  
E N D S /  i n c h  X P I C K S / i n c h  
F A B R I C  A R E A L  W E I G H T  
k g s . / s q .  m e t e r  
oz. /sq.  yd. 
P A N E L  A R E A L  W E I G H T  ( I N C L U D I N G  I N S U L A T I O N )  
k g s . / s q . / m e t e r  
oz. /sq.yd.  
FABRIC FACE THICKNESS 
TOP FACE 
cm 
inches 
BOTTOM FACE 
cm 
inches 
cm 
inches 
FLUTE HEIGHT (OR CELL HEIGHT) 
GROUND WIOTH 
cm 
inches 
EACH SELVAGE. TOP FACE 
cm 
inches 
EACH SELVAGE, BOTTOM FACE 
cm 
T A R G E T  V A L U E S  
6.3 X 7.1 
16.0 X 18.1 
6.3 X 7.1 
16.0 X 18.1 
6.3 X 7.1 
16.0 X 10.1 
1.1 1 
32.5 
2 . 2 0  
6 4 . 8  
0.038 
0.0 15 
0.0 3 8 
0.0 15 
1.91 
0.75 
66 
26 
2.54 
1 
5.08 
2 
BOTTOM FACE 
THlCKNES8 
5 
2 . 2  Program P lan  f o r  I t e m  1. The f l o w  char t  i n  F igu re  2-1  
d e f i n e s  t h e  tasks  r e q u i r e d  t o  produce TAB1 p a n e l s .  
' The d i s c u s s i o n  t h a t  fo l lows  i n c l u d e s  t h e  e f f o r t s  
involved  i n  performing these t a s k s  i n c l u d i n g  t h e  
d e s i g n  c o n s i d e r a t i o n s ,  p rocess ing  d i f f i c u l t i e s ,  and 
t h e  s o l u t i o n s  t o  these problems. 
2 . 2 . 1  F a b r i c  Design and Programming. Producing woven f l u t e d  
core r e q u i r e s  t h e  weaving of t h r e e  f a b r i c s  s imul tane-  
o u s l y ,  one f o r  t h e  t o p  face, r i b  and bottom f a c e .  Each 
f a b r i c  r e q u i r e s  i t s  own d e s i g n  and warp y a r n  system, 
and t h e  o v e r a l l  d e s i g n  must be coord ina ted  so t h a t  t h e  
warp y a r n s  o f  t h e  r i b  f a b r i c  l ock  p r o p e r l y  a t  t h e  nodes 
formed w i t h  t h e  f a c e  f a b r i c s .  The d e s i g n  of t h e  f l u t e d  
f ab r i c  depends p r i m a r i l y  upon t h e  d e s i r e d  f l u t e  (or 
c e l l )  h e i g h t ,  i n d i v i d u a l  f a c e  and r i b  f a b r i c  t h i c k -  
n e s s e s ,  and t y p e s  of ya rns .  Other  c o n s i d e r a t i o n s  
i n c l u d e  s e l e c t i n g  a s t y l e  o f  weave f o r  each  f a b r i c ,  
which i s  i n  t u r n  i n f l u e n c e d  by t h e  end a p p l i c a t i o n  
requi rements  o f  t h e  f l u t e d  core and by t h e  p r o p e r t i e s  
of t h e  yarns.. The d e s i g n  t a s k  f o r  t h i s  program involved  
l a y i n g  o u t  t h e  placement o f  eve ry  warp and f i l l  ya rn  
f o r  each  f a b r i c  t o  produce t h e  d e s i r e d  f a b r i c  
c o n s t r u c t i o n  and f l u t e  dimensions.  The loom programming 
involved  t h e  d e s i g n  and s e t t i n g  up of  t h e  loom's c o n t r o l  
d e v i c e  t o  p rov ide  t h e  proper  sequencing o f  shed openings 
( r a i s i n g  and lowering of predetermined warp y a r n s )  f o r  
each  fill yarn  ( p i c k )  i n s e r t i o n .  
2 . 2 . 1 . 1  A p l a i n  weave f l u t e d  core f a b r i c  des igned  f o r  a p rev ious  
NASA e f f o r t  t o  produce 1 . 2 7  c m  (0.50 i n c h )  f l u t e  h e i g h t  
f a b r i c  w a s  modif ied t o  make t h e  1 . 9 1  c m  (0.75 i n c h )  
f l u t e  h e i g h t  r e q u i r e d  f o r  I t e m  1. A schemat ic  of t h i s  
d e s i g n  i s  p resen ted  i n  F igu re  2-2.  The weave p a t t e r n  
a t  t h e  nodes,  i s  also i l l u s t r a t e d  i n  F i g u r e  2-2. Th i s  
w a s  selected a f t e r  e v a l u a t i n g  t h r e e  o t h e r  d e s i g n s  and 
w a s  used s u c c e s s f u l l y  f o r  t h e  f r a g i l e  ya rns  i n  t h e  
p r i o r  program. 
s e l e c t e d ,  p a r t i c u l a r l y  t h e  p i c k  coun t ,  might r e q u i r e  
some m o d i f i c a t i o n  i f  a t i g h t e r  weave t h a n  t h a t  i n d i c a t e d  
i n  t h e  t a rge t  va lues  o f  Table  2 -1  could  be achieved.  
I t  w a s  recognized  t h a t  t h e  weave d e s i g n  
2 . 2 . 1 . 2  A l s o ,  as p a r t  of t h e  d e s i g n  t a s k ,  t h e  ya rn  placement 
on t h e  creels,  t h e  loom m o d i f i c a t i o n s  and t h e  loom set 
up r equ i r emen t s ,  i n c l u d i n g  t e n s i o n i n g  of t h e  warp y a r n s ,  
and t h e  draw-in sequence were determined.  Any f i x t u r e s  
necessa ry  for  p rocess ing  were des igned  and f a b r i c a t e d ,  
i n c l u d i n g  t r i a n g u l a r  cross s e c t i o n  wood mandrels  t o  be 
used f o r  i n s p e c t i n g  t h e  c e l l  s i z e s  o f  t h e  woven f l u t e d  
f a b r i c .  The dimensions fo r  t h e s e  check mandrels are  
p r e s e n t e d  i n  F igu re  2-3. 
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2 .2 .1 .3  During t h e  d e s i g n  t a s k ,  it w a s  dec ided  t o  p rov ide  a 
wider  ground (width between s e l v a g e s )  p o r t i o n  of f a b r i c  
t h a n  t h e  noted t a r g e t  va lue .  I t  w a s  f e l t  t h a t  t h e  
wider  f a b r i c  might be advantageous should  NASA choose 
t o  use  t h e  pane l s  f o r  f a b r i c a t o n  s t u d i e s .  The wider 
ground wid th  s e l e c t e d  w a s  7 1 . 1  c m  (28 i n c h ) .  
2 . 2 . 2  
2 .2 .3  
Yarn Procurement and P r e p a r a t i o n .  Nicalon s i l i c o n  
c a r b i d e  ya rn  w a s  procured and prepared  f o r  weaving. 
This  y a r n ,  d e s i g n a t e d  as NLP-201,  f l e x i b l e  g rade  w a s  
o rde red  w i t h  a "P'l t y p e ,  o r  epoxy compat ib le  s i z i n g .  
The p roduc t ,  acco rd ing  t o  l i t e r a t u r e  i n f o r m a t i o n ,  i s  
a t o w  mater ia l  composed o f  500 round cross s e c t i o n  
cont inuous  f i l a m e n t s  having a range of d i a m e t e r s  
from 1 0  t o  20  microns (39.37 x i n c h ) .  I t s  y i e l d  
count  i s  l i s t e d  as 2 0 0  t e x ,  ( 2 0 0  gm/lOOO m e t e r s ) ,  which 
cor responds  t o  1800 d e n i e r ,  (1800 gm/9000 meters) o r  
2 4 8 0  yards  p e r  pound. P a s t  expe r i ence  i n d i c a t e d  t h a t  
t h i s  y i e l d  va lue  w a s  o v e r s t a t e d  approximately 1 0 %  
p a r t l y  due t o  t h e  s i z i n g  and p o s s i b l y  a g r e a t e r  number 
o f  f i l a m e n t s  f a l l i n g  i n  t h e  h ighe r  end o f  t h e  f i l a m e n t  
d i ame te r  range.  A d d i t i o n a l  yarn  was inc luded  i n  t h e  
procurement t o  a l l o w  f o r  t h i s  l o w e r  y i e l d .  F u r t h e r  
i n fo rma t ion  on  Nicalon yarn  i s  con ta ined  i n  Appendix A. 
P r i o r  work w i t h  t h i s  yarn  r e q u i r e d  t h a t  b o t h  warp and 
fill ya rns  be p r o t e c t e d  d u r i n g  weaving by double  
s e r v i n g  t h e  yarn  w i t h  75 d e n i e r  rayon. Each d i r e c t i o n  
of s e r v i n g  had 4 T P I  ( t u r n s  p e r  i n c h ) .  This  s p i r a l l y -  
wrapped f i n e  y a r n ,  t h e  s i z i n g  on a l l  t h e  y a r n s ,  and 
o t h e r  o r g a n i c  mat ter  were t o  be removed l a t e r  d u r i n g  
t h e  h e a t  c l e a n i n g  o p e r a t i o n .  I t  w a s  subsequen t ly  
determined t h a t  t h e  amount o f  s i z i n g  and s e r v i n g  ya rn  
removed f r o m  t h e  pane l s  amounted t o  6 . 6 %  by weight .  
Predetermined l e n g t h s  of t h e  se rved  Nicalon w e r e  
wound on p l a s t i c  spools u s i n g  a modif ied winding 
machine s u i t a b l e  fo r  f r a g i l e  y a r n s ,  and a s u f f i c i e n t  
number o f  t h e s e  s p o o l s  prepared  t o  provide  a l l  t h e  
warp ends f o r  t h e  I t e m  1 f a b r i c .  
Loom 
Know 1 
progr  
S e t  Up and Debugging. A modif ied Crompton and 
.es Cot ton  King loom set  up f o r  t h e  p rev ious  NASA 
'am (NAS2-1171'8) w a s  e s s e n t i a l l y  s t i l l  i n t a c t ,  and 
a s m a l l  amount o f  Nicalon yarn  remained on t h e  creels. 
It w a s  dec ided  t o  u t i l i z e  t h i s  set  up and mater ia l  t o  
de te rmine  whe the r  Nicalon f i l l  yarn  could  be woven 
wi thou t  t h e  s e r v i n g  p r o t e c t i o n .  A f t e r  s u f f i c i e n t  
weaving t r i a l s ,  it w a s  found t h a t  t h e  unserved Nicalon 
remained undamaged and could  indeed be used as f i l l i n g .  
This  t h e n  sugges ted  t h a t  a h ighe r  p i c k  count  t h a n  t h e  
t a r g e t  va lue  could  be a t t a i n e d .  A f t e r  f u r t h e r  e x p e r i -  
menta t ion ,  t h e  p i c k  coun t s  o f  b o t h  Nicalon face f a b r i c s  
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2.2 .3 .1  
w e r e  raised o v e r  25%, t h u s  p rov id ing  a more d e s i r a b l e  
TAB1 material  of  less p o r o s i t y .  It  w a s  t h e n  dec ided  
t o  i n c o r p o r a t e  t h e  unserved fill ya rn  and t h e  h ighe r  
p i c k  count  f o r  I t e m  1. P a r t  o f  t h e  Nica lon  remaining 
on t h e  creels w a s  woven i n t o  a s m a l l  q u a n t i t y  o f  1 . 2 7  
c m  (0 .5  i n c h )  f l u t e  h e i g h t  core for  some p r e l i m i n a r y  
experiments  r e l a t e d  t o  I t e m  2.  The ba lance  o f  t h e  
Nicalon w a s  u t i l i z e d  t o  p a r t i a l l y  debug the  I t e m  1 
d e s i g n .  During t h i s  a c t i v i t y ,  ano the r  weaver w a s  
t r a i n e d  t o  weave t h e  f l u t e d  core f a b r i c .  
A f t e r  d e p l e t i n g  t h e  r e s i d u a l  Nicalon y a r n ,  t h e  creels 
w e r e  s t r i p p e d  of spoo l s  and thoroughly  c leaned .  Any 
ceramic guides  e x h i b i t i n g  wear as a r e s u l t  of a b r a s i v e  
a c t i o n  of  t h e  Nicalon were rep laced .  Each creel  
s p i n d l e  and lease rod s u r f a c e  i n d i c a t i n g  roughness was 
p o l i s h e d  w i t h  s tee l  wool t o  p reven t  u n c o n t r o l l a b l e  
t e n s i o n  on warp ya rns .  The loom w a s  i n s p e c t e d  and 
found t o  be i n  s a t i s f a c t o r y  c o n d i t i o n  excep t  f o r  t h e  
p i n  take-up r o l l  which w a s  damaged beyond r e p a i r .  This  
take-up r o l l  i s  impor tan t  i n  p u l l i n g  t h e  f a b r i c  th rough 
t h e  loom a t  t h e  p r e c i s e  ra te  e s t a b l i s h e d  i n  t h e  
programming. A new p i n  take-up r o l l  w a s  i n s t a l l e d  and 
covered w i t h  s t a p l e  c a r d  c l o t h i n g  and a l o w  d e n s i t y  
of p i n s ,  F igu re  2-4.  The heddles  i n  t he  loom's 
ha rnesses  appeared t o  be i n  good c o n d i t i o n  and were 
no t  r e p l a c e d .  The creels w e r e  t h e n  loaded w i t h  t h e  
proper  amount and predetermined arrangement of warp 
s p o o l s ,  t h e  ya rns  drawn i n t o  t h e  loom, and s t a r t - u p  
weaving i n i t i a t e d .  A schemat ic  view of t h e  loom set  
up i s  d e p i c t e d  i n  F igu re  2-5. F i g u r e  2-6 i s  a view 
o f  t h e  creeled warp s p o o l s  i n  a r e l a x e d  s t a t e  p r i o r  
t o  t h e  a d d i t i o n  of  t e n s i o n i n g  weights .  F i g u r e  2-7 
p i c t u r e s  t h e  p a t h  of t h e  warp y a r n s  from t h e  creels 
t o  t h e  rear of t h e  loom. Warp ya rns  p a s s i n g  through 
the  heddles and reed are  s e e n  f r o m  t h e  f r o n t  s ide  of 
t h e  loom i n  F igu re  2-8. A s h u t t l e  p a s s i n g  through 
t h e  shed opening i s  also shown. F igu re  2-9 p i c t u r e s  
t h e  o p e r a t o r  weaving t h e  f l u t e d  core fabr ic .  T h e  new 
p i n  take-up r o l l  p u l l i n g  t h e  f a b r i c  th rough t h e  loom 
i s  a l so  seen  i n  t h i s  i l l u s t r a t i o n .  Debugging w a s  
completed i n  less t h a n  a week and p roduc t ion  weaving of 
t h e  f l u t e d  fabr ic  began. 
2 . 2 . 4  Weaving. I n  t h e  e a r l y  s t a g e s  of weaving, t h e  product ion  
ra te  w a s  r e l a t i v e l y  l o w ,  o n l y  152 c m  ( 5  f e e t )  p e r  day ,  
b u t  e v e n t u a l l y  doubled w i t h  expe r i ence .  A f t e r  eve ry  
1 2 2  c m  ( 4  f e e t )  of f a b r i c  was woven, t h i s  l e n g t h  w a s  
c u t  f r o m  t h e  loom and i n s p e c t e d  f o r  c e l l  s i z e  and 
weaving d e f e c t s .  F l u t e s  w e r e  v e r i f i e d  f o r  p rope r  
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2 .2 .5 .1  
dimensions by i n s e r t i n g  1 3  check mandrels i n  a d j a c e n t  
ce l l s  o f  r e l a x e d  f a b r i c ,  F igu re  2-10.  Occas iona l ly  a 
t i g h t  or loose c e l l  occurred  due t o  t h e  s e n s i v i t y  of  
a d j u s t i n g  t h e  take-up mechanism o f  t h e  l o o m  when 
c o r r e c t i n g  a missed f i l l i n g  i n s e r t i o n .  The mechanism 
r e q u i r e d  p r e c i s e  ad jus tment ,  o t h e r w i s e  a t i g h t  o r  loose 
c e l l  would r e s u l t .  However, ve ry  few weaving d e f e c t s  
w e r e  observed.  The f l u t e d  f a b r i c  w a s  now ready  f o r  
i n s e r t i o n  o f  Q-Fiber F e l t  i n s u l a t i o n .  
I n s u l a t i o n  p r e p a r a t i o n .  Q-Fiber F e l t  i s  a f e l t e d  
b a t t i n g  material formed from s i l i c a  f i b e r s  of  1 . 4  
micron (5 .51  x i n c h )  average d i ame te r .  I t  i s  
a v a i l a b l e  i n  t w o  nominal t h i c k n e s s e s  and one  bu lk  
d e n s i t y ;  1 / 2  i n c h  and 3/16 i n c h  t h i c k n e s s ,  each  a t  
6 pounds p e r  c u b i c  f o o t  d e n s i t y  when measured a t  
nominal t h i c k n e s s .  A d d i t i o n a l  i n fo rma t ion  on Q-Fiber 
F e l t  i s  p resen ted  i n  Appendix B. The 1 / 2  i n c h  Q-Fiber 
F e l t  f u r n i s h e d  by t h e  s u p p l i e r ,  i s  a s o f t ,  f l u f f y  
b a t t i n g  material i n  a form n o t  s u i t a b l e  f o r  i n s e r t i o n  
i n t o  f a b r i c  f l u t e s .  While i t s  nominal t h i c k n e s s  i s  
1 . 2 7  c m  (0 .5  i n c h ) ,  a c t u a l  t h i c k n e s s e s  range  from 1.59 
t o  1 . 9  c m  (0.625 t o  0.75 i n c h ) .  The 3/16 i n c h  nominal 
t h i c k n e s s  Q-Fiber F e l t  has  an a c t u a l  t h i c k n e s s  range  o f  
0.636 t o  1 . 2 7  c m  (0.25 t o  0.5 i n c h ) .  I n  t h e  p rev ious  
TAB1 e f f o r t ,  NAS2-11718, a procedure w a s  developed t o  
compress and r i g i d i z e  t h e  1 / 2  i n c h  nominal Q-Fiber  F e l t  
i n t o  p a n e l s  1 . 2 7  c m  (0 .5  i n c h )  t h i c k .  The p a n e l s  were 
c u t  i n t o  t r i a n g u l a r  c r o s s  s e c t i o n  mandrels and t h e n  
i n s e r t e d  i n t o  t h e  f a b r i c  f l u t e s .  
Unfo r tuna te ly ,  Q-Fiber F e l t  i s  n o t  a v a i l a b l e  a t  a 
nominal t h i c k n e s s  of 3/4 i n c h ,  so it w a s  proposed t o  
combine i n d i v i d u a l  l a y e r s  of 3 / 1 6  i n c h  and 1 / 2  i n c h  
f e l t s  t o  o b t a i n  an  approximate 3/4 i n c h  b a t t i n g  w i t h  
a 6 l b s / f t 3  d e n s i t y .  The f low c h a r t  i n  F i g u r e  2 - 1 1  
p r e s e n t s  t h e  procedure adopted t o  p repa re  t h e  Q-Fiber 
F e l t  i n s u l a t i o n .  
-4 
The fo l lowing  paragraphs  d i s c u s s  a d d i t i o n a l  i n fo rma t ion  
p e r t i n e n t  t o  t h e  i n s u l a t i o n  p r e p a r a t i o n  procedure:  
(1) Q-Fiber F e l t  Shee t s .  The Q-Fiber F e l t  b a t t i n g  w a s  
s u p p l i e d  i n  s h e e t s  o f  152.4 c m  x 9 1 . 4  c m  ( 6 0  
i nches  x 36 i n c h e s ) .  For subsequent  p r o c e s s i n g ,  
seven i n d i v i d u a l  s h e e t s ,  30.5 c m  x 71.1 c m  ( 1 2  
i nches  x 28 i n c h e s )  w e r e  c u t  from each  as - rece ived  
s h e e t  u s ing  a k n i f e .  Th i s  allowed a m i n i m u m  o f  
waste. A pane l  o f  each  t h i c k n e s s  a v a i l a b l e  i s  
p i c t u r e d  i n  F igu re  2-12 .  
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( 2 )  H e a t  Cleaning.  Work completed i n  ea r l i e r  programs 
determined t h e  n e c e s s i t y  f o r  h e a t  c l e a n i n g  a l l  
incoming Q-Fiber  F e l t  t o  remove con tamina t ing  
materials t h a t  could  become o b j e c t i o n a b l e  l a t e r  
i n  t h e  p rocess .  F e l t  p a n e l s  w e r e  p l aced  on 
r a c k s  made of f l a t  expanded metal suppor ted  by 
f o u r  l e g s .  The metal  t r a y  s u r f a c e s  w e r e  covered 
w i t h  c l e a n  As t roqua r t z  f a b r i c  t o  p r e v e n t  contamin- 
a t i o n  of  t h e  f e l t .  Heat c leaning w a s  c a r r i e d  o u t  
i n  a l a r g e  a i r - c i r c u l a t i n g  oven. Because of 
t h e  r e l a t i v e l y  l a r g e  q u a n t i t y  o f  mater ia l  t o  be 
p rocessed ,  i t  w a s  e s s e n t i a l  t o  b u i l d  s e v e r a l  
a d d i t i o n a l  r a c k s  t o  m e e t  schedule  requi rements .  
These w e r e  also employed f o r  d r y i n g  s a t u r a t e d  
f e l t  p a n e l s  and f i n a l  h e a t  c l e a n i n g  o f  TAB1 p a n e l s .  
( 3 )  Combining Layers o f  Q-Fiber  F e l t  Pane l s .  A l a r g e  
pe rcen tage  o f  t h e  f i b e r s  i n  Q-Fiber  F e l t  occur  i n  
laminar  p l i e s  s t acked  up t o  form t h e  t h i c k n e s s  of 
t h e  b a t t i n g .  The r e l a t i v e l y  s m a l l  q u a n t i t y  of 
f i b e r s  p r o t r u d i n g  between p l i e s  r e s u l t s  i n  l o w  
i n t e r l a m i n a r  s t r e n g t h  and p rov ides  a poor o u t e r  
s u r f a c e  for  bonding w i t h  o ther  l a y e r s  of b a t t i n g .  
Recognizing t h i s  d e f i c i e n c y ,  it w a s  f e l t  t h a t  t h e  
best  approach fo r  bonding the  t w o  f e l t  mater ia ls  
should  be based on a l t e r i n g  t h e  laminar  o r i e n t -  
a t i o n  of t h e  mating s u r f a c e s  as w e l l  as some o f  
t h e  p l i e s  o f  f i b e r s  below t h e s e  s u r f a c e s .  A some- 
what c r u d e ,  b u t  e f f e c t i v e ,  t echn ique  w a s  developed 
i n  which a "comb" modif ied each  mat ing  s u r f a c e .  
The 7 . 6  c m  x 1 5 . 2  c m  ( 3  i n c h  x 6 i n c h )  comb 
c o n s i s t e d  of  a 0.318 c m  x 0.318 c m  (0.125 i n c h  x 
0.125 i n c h )  mesh s t a i n l e s s  s tee l  w i r e  c l o t h  woven 
f r o m  20  gauge w i r e .  Two a d j a c e n t  w i r e s  a long  
all edges were removed t h u s  exposing t h e  l a r g e  
number of p a r a l l e l  w i r e  ends which provided t h e  
t e e t h  o f  t h e  comb. Each mating s u r f a c e  o f  b a t t i n g  
w a s  mechanica l ly  a l tered by app ly ing  t h e  comb i n  
a series o f  s h o r t ,  curved s t r o k e s  t h a t  p e n e t r a t e d  
t h e  s u r f a c e  and caused s o m e  of t h e  s u r f a c e  and 
below-surface f i b e r s  t o  s t a n d  up i n  a d i r e c t i o n  
normal t o  t h e  p l a n e  of t h e  f e l t .  See F i g u r e s  2-13 
and 2-14 .  The t w o  mat ing  surfaces were t h e n  p l aced  
t o g e t h e r  as p i c t u r e d  i n  F igu re  2-15, and p res sed  
t o g e t h e r  d r y  i n  p r e p a r a t i o n  fo r  t h e  nex t  o p e r a t i o n .  
F igu re  2-16 shows t h e  f e l t s  a f t e r  b e i n g  combined 
and dry-pressed .  
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( 4 )  Binder Treatment.  The b i n d e r  employed f o r  s a t u r -  
a t i n g  t h e  f e l t  w a s  CarbosetB, an a c r y l i c  r e s i n  
product  of  B. F. Goodrich Co.  which i s  a c lear  
water s o l u b l e  system c o n t a i n i n g  4 0 %  r e s i n  s o l i d s ,  
see Appendix E.  The combined p a n e l s  were s a t u r a t e d  
w i t h  a 25% by volume s o l u t i o n  o f  t h e  r e s i n  i n  
de ion ized  water. For t h e  s a t u r a t i n g  o p e r a t i o n ,  
each p a n e l  w a s  p laced  on a s h e e t  o f  p o l y e s t e r  f i l m  
which i n  t u r n  had been p l aced  on a 35.6 c m  x 7 6 . 2  
c m  x 0.635 c m  ( 1 4  i n .  x 30 i n .  x 0.25 i n . )  aluminum 
p l a t e .  Four l i t e r s  (135 ounces) o f  t h e  d i l u t e d  
s o l u t i o n  was poured on to  t h e  f e l t .  I n  F igu re  2-17 
t h e  o p e r a t o r  i s  adding r e s i n  t o  t h e  f e l t .  
( 5 )  Compressing and Drying. The s a t u r a t e d  p a n e l  
w a s  covered w i t h  a l a y e r  o f  p o l y e s t e r  f i l m  and 
p laced  on t o p  o f  an aluminum p l a t e  i d e n t i c a l  t o  
t h e  bottom p l a t e .  A s t a c k  o f  up t o  7 of t h e s e  
s a t u r a t e d  p a n e l s ,  f i l m s  and p l a t e s ,  w i t h  1 . 2 7  c m  
(0 .5  i n c h )  s p a c e r s  between t h e  p l a t e s  w a s  lqaded 
i n  a pneumatic p r e s s ,  and t h e  s t a c k  p r e s s u r i z e d  
u n t i l  t h e  i n d i v i d u a l  p a n e l s  reached t h e  s p a c e r  
t h i c k n e s s .  F igu re  2-18 p i c t u r e s  t h e  p r e s s  
p a r t i a l l y  set  up w i t h  t h e  s t a c k  o f  s a t u r a t e d  
p a n e l s  ready  t o  be compressed. A f t e r  2 hours  o f  
compression, p r e s s u r e  w a s  r e l e a s e d  and t h e  s t a c k  
removed from t h e  p r e s s .  Each p a n e l  from t h e  s t a c k  
w i t h  i t s  bottom s u p p o r t i n g  f i l m  w a s  s e t  on a r a c k ,  
see F igure  2-19 ,  and d r i e d  i n  t h e  oven f o r  6 hours  
a t  93.3OC ( 2 0 0 O F ) .  A f t e r  d r y i n g ,  t h e  p a n e l  t h i c k -  
n e s s  had recovered  close t o  1 . 9  c m  (0 .75 i n c h ) .  
The p a n e l s  were cons ide red  s a t i s f a c t o r y  f o r  c u t t i n g  
i n t o  mandre ls  s i n c e  t h e y  w e r e  r e l a t i v e l y  f r e e  of 
b inde r  m i g r a t i o n  t o  t h e  o u t e r  s u r f a c e s .  I n  t h e  
e a r l y  s t a g e s  of t h e  p rev ious  program t h i s  heavy 
s k i n  of s u r f a c e  b inde r  r e s u l t e d  i n  t h e  mandrels 
damaging t h e  f l u t e s  of t h e  f a b r i c  d u r i n g  t h e  
i n s e r t i o n  o p e r a t i o n .  Th i s  problem w a s  s u b s t a n t i -  
a l l y  reduced by lowering t h e  pe rcen tage  of r e s i n  
i n  t h e  s a t u r a t i n g  s o l u t i o n  and by d r y i n g  a t  a 
lower tempera ture .  This  expe r i ence  w a s  a p p l i e d  
s u c c e s s f u l l y  t o  t h e  c u r r e n t  e f f o r t .  The pick-up 
i n  weight  o f  t h e  Q-Fiber  F e l t  by t h e  a c r y l i c  
r e s i n  s o l i d s  w a s  36.0%, based on t h e  d r i e d  f e l t  
weight .  
( 6 )  C u t t i n g  and P r e p a r i n g  Mandrels. Very few problems 
w e r e  encountered wh i l e  c u t t i n g  mandrels from t h e  
r i g i d i z e d  p a n e l s .  A diamond-tipped c i r c u l a r  s a w  
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b l a d e  provided a c c u r a t e  c u t t i n g  w i t h  ve ry  l i t t l e  
r e s i n  bui ld-up on  t h e  b l ade .  The s a w  ang le  w a s  
s e t  t o  60' t o  c u t  t h e  7 1 . 1  c m  (28 i n c h )  long  
mandrels  w i t h  an e q u i l a t e r a l  t r i a n g u l a r  cross 
s e c t i o n ,  see F igure  2-20.  The i n s u l a t i o n  mandrel 
dimensions are g iven  i n  F igu re  2-21 .  Two f i n i s h e d  
c u t  i n s u l a t i o n  mandrels ready  f o r  i n s e r t i o n  are 
p i c t u r e d  i n  F igu re  2-22.  A f t e r  each  c u t  which 
formed one s i d e  of a mandrel,  t h e  p a n e l  w a s  
f l i p p e d  ove r  t o  c u t  t h e  second s i d e  o f  t h e  mandrel 
as w e l l  as t h e  f i r s t  s i d e  o f  t h e  nex t  mandrel.  As 
a r e s u l t ,  about  h a l f  o f  a l l  t h e  mandrels  had t h e  
bond l i n e  of  t h e  t w o  Q-Fiber  F e l t  components nea r  
t h e  apex and t h e  o t h e r  ha l f  had t h e  bond l i n e  
close t o  t h e  base .  Those mandrels w i t h  t h e  bond 
l i n e s  nea r  t h e  apex were ve ry  f r a g i l e  and many 
broke d u r i n g  hand l ing  and subsequent  i n s e r t i o n  
a t t empt s .  I t  w a s  necessa ry  t o  p rocure  and p r o c e s s  
a d d i t i o n a l  Q-Fiber F e l t  t o  r e p l a c e  t h i s  loss. 
2 . 2 . 6  I n s e r t i o n  of I n s u l a t i o n  Mandrels. I n  p r i o r  develop- 
ments on TAB1 mater ia ls ,  a major problem w a s  t h e  
l eng thy  t i m e  r e q u i r e d  t o  i n s e r t  t h e  r i g i d i z e d  i n s u l a t i o n  
mater ia ls .  One cause  f o r  t h i s  s i t u a t i o n  w a s  t h e  need 
t o  i n s e r t  r ea sonab ly  s t r a i g h t ,  f r a g i l e  a b r a s i v e  
mandrels i n t o  f a b r i c  f l u t e s  which i n h e r e n t l y  are  n o t  
p e r f e c t l y  s t r a i g h t .  To overcome t h i s  problem, e x p e r i -  
ments w e r e  a t tempted  t o  s t r a i g h t e n  and r i g i d i z e  t h e  
f l u t e s  w i t h  p l a s t i c  mandrels b e f o r e  i n s e r t i n g  t h e  
i n s u l a t i o n  mandrels.  The r e s u l t s  o f  t h e s e  tests proved 
promising and a l a r g e  number o f  ex t ruded  nylon mandrels 
were procured.  The dimensions of t h e s e  mandrels  are 
g iven  i n  F i g u r e  2-23. The nylon mandrels w e r e  i n s e r t e d  
i n t o  a l l  of t h e  f l u t e s  of a p a n e l ,  F i g u r e  2 - 2 4 ,  and a 
6 . 7 %  by volume aqueous s o l u t i o n  of Carbose t  w a s  a p p l i e d  
by b r u s h i n g  b o t h  sides of t h e  fabr ic ,  as seen  i n  F i g u r e  
2-25. The p a n e l  w a s  racked u n t i l  a l l  f l u t e s  appeared 
s t r a i g h t ,  and allowed t o  a i r  d r y  o v e r n i g h t ,  F i g u r e  2-26 .  
F igu re  2-27 i l l u s t r a t e s  t h e  r i g i d i z e d  p a n e l  a f t e r  t h e  
mandrels are removed. The edge cross s e c t i o n  o f  t h e  
r i g i d i z e d  f l u t e s  can be seen  i n  F i g u r e  2-28. The 
amount o f  r e s i n  s o l i d s  added t o  t h e  f a b r i c  w a s  approx- 
i m a t e l y  2 . 0 % .  The s h a r p  a n g l e s  o f  t h e  i n s u l a t i o n  
mandrels were f i l e d  down, and t h e  mandrels i n s e r t e d  
i n t o  t h e  f a b r i c  f l u t e s  as seen  i n  F igu re  2-29 .  This  
f l u t e - s t r a i g h t e n i n g  procedure  proved t o  be ve ry  
e f f e c t i v e  i n  reducing  t h e  i n s e r t i o n  t i m e .  However, 
t h i s  g a i n  w a s  p a r t i a l l y  o f f s e t  by t h e  f r a g i l i t y  o f  
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2 . 2 . 7  
t h e  mandrels no ted  i n  paragraph  2 .2 .5 .1  ( 6 )  and as 
shown i n  F i g u r e  2-30. Occas iona l ly  t i m e  w a s  a l so  l o s t  
when a t t e m p t i n g  t o  i n s e r t  i n s u l a t i n g  mandrels i n t o  
s l i g h t l y  unders ized  cel ls .  When mandrels broke w h i l e  
be ing  i n s e r t e d ,  t h e y  w e r e  p a i n s t a k i n g l y  and c a r e f u l l y  
removed from t h e  cel ls  so as no t  t o  damage t h e  f a b r i c .  
T igh t  o r  loose cel ls  r e q u i r e d  custom f i t t e d  i n s u l a t i o n  
mandrels .  Neve r the l e s s ,  t h e  number o f  p a n e l s  t h a t  were 
i n s u l a t e d  p e r  day doubled b e f o r e  ve ry  long. 
Heat Cleaning.  The i n s u l a t e d  p a n e l s  w e r e  p o s i t i o n e d  
on c l e a n ,  g lass -covered  d r y i n g  r a c k s  and hea ted  i n  
t h e  l a r g e  oven a t  454.4OC (85O0F) f o r  4 hours ,  a f t e r  
which t h e  o r g a n i c  a c r y l i c  b i n d e r ,  yarn  l u b r i c a n t s ,  
and rayon s e r v i n g  appeared t o  be e s s e n t i a l l y  removed. 
During t h e  e a r l y  h e a t  c l e a n i n g s ,  o b s e r v a t i o n s  r e v e a l e d  
an  enormous amount o f  smoke gene ra t ed  i n  t h e  t empera tu re  
range  o f  204OC t o  26OOC (40O0F t o  500OF). To reduce  
t h e  sudden g e n e r a t i o n  o f  smoke, t h e  h e a t  c l e a n i n g  c y c l e  
w a s  modif ied t o  i n c l u d e  t h r e e  c o n s t a n t  t empera tu re  
s t e p s .  Once r each ing  177OC (350°F) ,  2 3 2 O C  (450°F) ,  and 
316OC (600°F) ,  t h e  tempera ture  remained c o n s t a n t  f o r  
t w o  hours ,  a f t e r  which a one hour h e a t  up t i m e  w a s  
programmed t o  a r r i v e  a t  t h e  n e x t  t empera tu re  s t e p .  
A f t e r  complet ing t h e s e  i n t e r m e d i a t e  t empera tu re  s t e p s ,  
t h e  t empera tu re  i n c r e a s e d  t o  454OC (85O0F) and 
cont inued  a t  t h a t  s e t t i n g  f o r  f o u r  hours .  Pane l s  h e a t  
c l eaned  i n  t h i s  f a s h i o n  gene ra t ed  v e r y  l i t t l e  smoke and 
appeared t o  be e q u a l  t o  t h o s e  c l eaned  by t h e  o r i g i n a l  
c y c l e .  
2 . 2 . 7 . 1  Midway through t h e  program an a c c i d e n t  occur red  d u r i n g  
a heat c l e a n i n g  cycle i n v o l v i n g  four p a n e l s .  Due t o  
a ma l func t ion ,  t h e  oven tempera ture  rose t o  537.8"C 
( l O O O ° F )  , a c t i v a t i n g  a s p r i n k l e r  head, consequent ly  
soak ing  t h e  p a n e l s .  The p a n e l s  w e r e  d r i e d  i n  ano the r  
oven,  v i s u a l l y  i n s p e c t e d  and found t o  be f r e e  of any 
p h y s i c a l  damage. L a t e r ,  t h e s e  pane l s  w e r e  h e a t  c l eaned  
a g a i n ,  i d e n t i f i e d  and shipped t o  NASA. 
2 . 2 . 8  C h a r a c t e r i z a t i o n .  A c lose-up  o f  a completed,  i n s u l a t e d  
TAB1 p a n e l  i s  shown i n  F igu re  2-31. R e p r e s e n t a t i v e  
measurements w e r e  compiled on completed p a n e l s  and t h e  
r e s u l t s  shown i n  Table  2-2.  A s  expec ted ,  t h e  a c t u a l  
a r e a l  weight  of  t h e  u n i n s u l a t e d  f a b r i c  exceeded t h e  
t a r g e t  weight  i n  Table  2 -1  by n e a r l y  1 2 % .  This  
r e s u l t e d  from t h e  i n c r e a s e d  p i c k  count  o f  t h e  t o p  and 
bottom f a b r i c  f a c e s  of t h e  woven core. The a c t u a l  
i n s u l a t e d  pane l  a r e a l  weight  su rpassed  t h e  t a r g e t  
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Table 2-2 
ACTUAL CHARACTERISTICS AND DIMENSIONS OF 
F A B R I C  Y A R N  C O U N T  
( W A R P  X F I L L )  
T O P  F A C E  
E N D S / c m .  X P I C K S / c m .  
E N D S / i n c h  X P I C K S / i n c h  
E N D S / c m .  X P I C K S / c m .  
E N D S / i n c h  X P I C K S / i n c f !  
E N D S / c m .  X P I C K S l c m .  
E N D S 1  i n c h  X P I C K S / i n c h  
k g s . / s q .  m e t e r  
R I B S  
B O T T O M  F A C E  
F A B R I C  A R E A L  W E I G H T  
O Z . / S Q .  y d .  
P A N E L  A R E A L  W E I G H T  ( I N C L U D I N G  I N S U L A T I O N )  
k g s . / s q . / m e t e r  
0 z . l s q . y d .  
FABRIC FACE THICKNESS 
TOP FACE 
cm. 
inches 
BOTTOM FACE 
cm. . 
inches 
cm. 
inches 
cm. 
inches 
cm. 
inches 
cm. 
inches 
FLUTE HEIGHT (OR CELL HEIGHT) 
GROUND WIDTH 
EACH SELVAGE. TOP FACE 
EACH SELVAGE, BOTTOM FACE 
ITEM 1 FLUTED FABRIC 
M E A S U R E D  V A L U E S  
6 . 3  X 9.1 
1 6 . 0  X 23.2 
6 . 3  X 7.0 
1 6 . 0  X 17.7 
6 . 3  X 9.1 
1 6  .O X 23.2 
1.23 
36.38 
2.72 
80.09 
0.043 
0.0 17 
0.04 1 
0.0 16 
1.9 1 
0.75 
71.1 
28 
2 . 5 4  
1 
5.08 
2 
,- TOP SELVAGE . (TYP BOTH EDGES) 
BOTTOM TOP FACE 
SELVAQE 
1- I 
THICKNESS 
t
I 
FLUTE HEIGHT 
(FLUTE LENGTH) -7 
BOTTOM FACE 
THICKNESS 
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3 . 0  
3 . 1  
3 . 2  
3 . 2 . 1  
va lue  by 2 4 % .  The c a l c u l a t e d  weight  o f  t h e  i n s u l a t i o n  
e q u a l l e d  1 . 6 9  kg/sq meter ( 4 9 . 4  oz / sq  y d ) .  When 
added t o  t h e  t a r g e t  f a b r i c  areal  we igh t ,  t h e  t a r g e t  
i n s u l a t e d  p a n e l  areal  weight  va lue  approaches t h e  
a c t u a l  va lue .  It t h u s  appears  t h a t  t h e  es t imated p a n e l  
a r e a l  weight  va lue  w a s  too l o w .  
TECHNICAL PROGRAM, ITEM 2 
O b j e c t i v e s ,  I t e m  2 .  The prime o b j e c t i v e  o f  t h i s  i t e m  
w a s  t o  de te rmine  t h e  f e a s i b i l i t y  of f a b r i c a t i n g  a 
sphe r i ca l ly - shaped ,  two-gore s t r u c t u r e  from a hybr id  
TAB1 p a n e l  material .  Each gore  of t h e  assembly would 
be c o n s t r u c t e d  f r o m  a cont inuous  f a b r i c  l e n g t h  
c o n s i s t i n g  o f  t h r e e  segments,  (11, woven f l u t e d  core 
w i t h  a Nicalon f a b r i c  t o p  face and r i b ,  and w i t h  an 
As t roqua r t z  f a b r i c  bottom f a c e ,  ( 2 1 ,  a t r a n s i t i o n  
zone from f l u t e d  core t o  s i n g l e  p l y  f a b r i c ,  and 
( 3 ) ,  an e x t e n s i o n  of s i n g l e  p l y  Nicalon f a b r i c .  T h i s  
" I n t e g r a l l y  woven f l u t e d  Core And S i n g l e  p l y  f a b r i c "  
l e n g t h  w i l l  be  r e f e r r e d  t o  a s  ICAS h e r e a f t e r  i n  t h i s  
r e p o r t .  During t h e  d e f i n i t i o n  s t a g e ,  t h e  d imens iona l  
requi rements  w e r e  f i n a l i z e d  f o r  each  f a b r i c  segment 
d e p i c t e d  i n  t h e  ICAS s k e t c h  of F igu re  3-1. It  w a s  
a lso determined t h a t  t h e  s p h e r i c a l  r a d i u s  o f  t h e  t w o -  
go re  assembly of f l u t e d  f a b r i c  segments be approxi-  
mate ly  1 . 5 2  meters ( 5  fee t )  as  shown i n  F i g u r e  3 - 2 ,  
and t h a t  t h e  f l u t e s  of t h e  j o i n e d  go res  be f i l l e d  w i t h  
3 . 5 7  kg/cubic  meter (6 pounds/cubic  f o o t )  Q-Fiber 
F e l t .  The h e a t  c l e a n i n g  c y c l e  f o r  t h e  j o i n e d  go res  
w a s  t o  be e s s e n t i a l l y  t h e  same as fo r  t h e  I t e m  1 
p a n e l s ,  and t h e  o u t e r  s u r f a c e  of t h e  As t roqua r t z  
f a b r i c  coa ted  w i t h  General  E lec t r ic  RTV 560 S i l i c o n e  
Rubber Compound. 
Program P lan  f o r  I t e m  2 .  The t a s k s  r e q u i r e d  for I t e m  
2 are  p resen ted  i n  t h e  Program P lan ,  F igu re  3 - 3 .  T h e  
fo l lowing  paragraphs  d i s c u s s  t h e  e f f o r t  involved  i n  
t h e  performance of t h e s e  tasks .  N o  s u b s t a n t i a l  develop-  
ment e f f o r t  w a s  f o r e s e e n  fo r  m o s t  of t h e  t a s k s ,  
i n c l u d i n g  t h e  d e s i g n  and weaving of t h e  f l u t e d  core 
and s i n g l e  p l y  f a b r i c  segments,  and t h e  p r e p a r i n g  
and i n s e r t i n g  o f  t h e  i n s u l a t i o n  mandrels .  The method 
f o r  p r e p a r i n g  and j o i n i n g  g o r e s ,  and t h e  technique  
fo r  c o a t i n g  w i t h  s i l i c o n e  rubber  w e r e  expected t o  
provide  t h e  main areas of i n v e s t i g a t i o n .  
Fabric  Design and Programming. The f l u t e d  c o r e  p o r t i o n  
o f  t h e  ICAS was s i m i l a r  t o  t h e  p l a i n  weave c o n s t r u c t i o n  
of I t e m  1 except  f o r  t h e  s u b s t i t u t i o n  o f  As t roqua r t z  
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yarn  f o r  Nicalon i n  t h e  bottom f a c e  f a b r i c .  Based on 
t h e  expe r i ence  gained i n  weaving I t e m  1, i t  w a s  
dec ided  t o  weave t h e  I t e m  2 Nicalon t o p  f a c e  and r i b  
fabr ics  w i t h  t h e  same t a r g e t  c o n s t r u c t i o n s  as b e f o r e .  
The As t roqua r t z  bottom f a b r i c  would be woven as 
t i g h t l y  a s  p o s s i b l e .  
t h r e e  f a c e s  are shown i n  Table  3-1. The schemat ic  
for  t h i s  d e s i g n  i s  p resen ted  i n  F igu re  3-4. 
The basic t a s k s  of t h e  d e s i g n  phase w e r e  s i m i l a r  t o  
t h o s e  fo r  I t e m  1. An impor tan t  d e s i g n  c o n s i d e r a t i o n  
o f  t h e  I t e m  2 f a b r i c  involved s e l e c t i n g  a means t o  
weave a cont inuous  t r a n s i t i o n  from t h e  hybr id  f l u t e d  
core t o  t h e  s i n g l e  p l y  Nicalon f a b r i c .  Some thought  
a lso had t o  be g iven  t o  c l o s i n g  o u t  t h e  l a s t  c e l l  t o  
p reven t  u n r a v e l l i n g  o f  t h e  f l u t e d  core f a b r i c  d u r i n g  
any hand l ing  or  subsequent  t e s t i n g .  The s i m p l e s t  
method would a l l o w  t h e  Nicalon t o p  face and r i b  t o  
weave down and i n t e r l o c k  w i t h  t h e  As t roqua r t z  bottom 
face. The As t roqua r t z  warp ya rns  would t h e n  be 
programmed t o  d rop  o u t ,  wh i l e  t h e  Nicalon ya rns  
cont inued  t o  weave a s i n g l e  p l y  f a b r i c .  Three 
v a r i a t i o n s  o f  t h i s  concept  were examined a s  i l l u s -  
t r a t e d  i n  F i g u r e  3-5. I n  t h e  f i rs t  d e s i g n ,  t h e  t o p  
f a c e  and r i b  weave s e p a r a t e l y  t o  t h e  bottom f a c e ,  and 
t h e n  weave t o g e t h e r  forming a m u l t i - l a y e r  Angle 
I n t e r l o c k  f a b r i c  o f  Nicalon.  The As t roqua r t z  bottom 
face drops  o u t  once t h e  lock ing  occurs. 
I n t e r l o c k  c o n s t r u c t i o n  would of fe r  much s t r e n g t h  t o  
t h e  s i n g l e  p l y  segment of t h e  ICAS f a b r i c ,  b u t  would 
a lso r e s u l t  i n  a d d i t i o n a l  weight  and c o s t .  The second 
d e s i g n  resembles  t h e  f i r s t ,  excep t  t h a t  a f t e r  lock ing ,  
t h e  Nicalon t o p  f a c e  and As t roqua r t z  bottom f a c e  b o t h  
t e r m i n a t e  p e r m i t t i n g  t h e  N i c a l o n  r i b  t o  con t inue  
weaving t h e  s i n g l e  p l y  ex tens ion .  Two problems 
e x i s t e d  w i t h  t h i s  d e s i g n ,  (1) a gap i s  created between 
t h e  t o p  face and r i b  a s  t h e y  weave s e p a r a t e l y ,  and 
( 2 1 ,  t h e  t o p  f a c e  warp yarns  might p o s s i b l y  p u l l  
o u t  f r o m  t h e  lock. The t h i r d  d e s i g n  i n v o l v e s  weaving 
t h e  t o p  face and r i b  f a b r i c s  t o g e t h e r  and lock ing  
t h e s e  t o  t h e  bottom f a c e .  A f t e r  t h e  lock ,  t h e  Astro-  
q u a r t z  bottom face and Nicalon r i b  t e r m i n a t e ,  and 
t h e  Nica lon  t o p  face c o n t i n u e s  t o  weave t h e  s i n g l e  p l y  
segment of f a b r i c .  T h i s  t h i r d  d e s i g n  e l i m i n a t e d  t h e  
gap and yarn  p u l l o u t  problems of t h e  second d e s i g n  
and w a s  t h e r e f o r e  selected for t h e  t r a n s i t i o n  p o r t i o n  
o f  t h e  ICAS f a b r i c .  The t r a n s i t i o n  zone showing 
dropped-off ya rns  emanating from t h e  f l u t e d  core 
segment i s  seen  i n  F igu re  3-6. These p r o t r u d i n g  
ya rns  w i l l  be trimmed t o  approximately 0 . 6 4  c m  
(0 .25 i n c h )  b e f o r e  c o a t i n g  w i t h  RTV. 
T h e  t a r g e t  ya rn  coun t s  of  t h e  
3.2.1.1 
The Angle 
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Table 3-1 
TARGET YARN COUNTS OF FLUTED 
CORE SEGMENT OF I C A S , ITEM 2 
FABRIC YARN COUNT 
(WARP X FILL) 
TARGET 
VALUES 
NICALON FACE 
ENDS/cm X PlCKSIcm 
ENDS/ inches X PICKS/ inches 
NICALON RIBS 
ENDS/cm X PICKS/cm 
ENDS/inchea X PICKS/ inches 
ASTROQUARTZ FACE 
ENDS/cm X PICKS/cm 
ENDS/ inches x PICKS/ inches 
6.3 X 9.4 
16 X 24 
6.3 X 7.1 
16 X 18 
9.4 X 9.4 
24 X 24 
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3.2.2 Yarn Procurement P r e p a r a t i o n .  A l l  Nicalon s i l i c o n  
c a r b i d e  ya rn  necessa ry  f o r  I t e m  2 w a s  procured and 
prepared  j o i n t l y  w i t h  t h e  I t e m  1 requi rements .  T h i s  
i nc luded  winding and double  s e r v i n g .  A s t r o q u a r t z  I1 
300 2/4 y a r n  w i t h  a s t a r c h - o i l  s i z i n g ,  w a s  purchased 
and prepared .  Appropr ia te  amounts o f  y a r n  w e r e  wound 
on a s u f f i c i e n t  number of  s p o o l s .  This  h igh  p u r i t y  
fused  s i l i c a  p ly - twi s t ed  yarn  i s  c o n s t r u c t e d  from 
b a s i c  s t r a n d s ,  each  c o n s i s t i n g  o f  120 cont inuous  
f i l a m e n t s .  I n  b u i l d i n g  t h i s  300 2 / 4  y a r n ,  t w o  
s t r a n d s  are  p ly - twi s t ed  t o g e t h e r ,  and t h e n  f o u r  o f  
t h e s e  combined by p l y - t w i s t i n g  i n  a d i r e c t i o n  o p p o s i t e  
t o  t h e  f i r s t  o p e r a t i o n .  Each f i n i s h e d  ya rn  t h u s  
c o n s i s t s  of e i g h t  s t r a n d s ,  and has an approximate 
y i e l d  of 3750 yards/pound. Fi lament  d i ame te r  i s  9 
microns ,  (35.43 x i n c h e s ) .  A d d i t i o n a l  i n fo rma t ion  
on As t roqua r t z  11 i s  p resen ted  i n  Appendix C.  
3.2.3 
3.2.3.1 
Loom S e t  Up and Debugging. Upon complet ion o f  I t e m  1, 
t h e  warp s p o o l s  w e r e  s t r i p p e d  f r o m  t h e  creels and a l l  
equipment c l eaned .  A f t e r  i n s p e c t i n g  and p o l i s h i n g  all 
p o t e n t i a l l y  a b r a s i v e  s u r f a c e s ,  t h e  creels w e r e  loaded 
w i t h  t he  predetermined number of  Nicalon and A s t r o -  
q u a r t z  ya rns .  The ya rns  were drawn i n  t o  t h e  loom 
through t h e  heddles  and reed, and weaving t r i a l s  
were s t a r t e d .  It  w a s  necessa ry  t o  debug each  of  t h e  
t h r e e  segments mentioned ear l ie r .  T h e  Nicalon s i n g l e  
p l y  f a b r i c ,  w a s  debugged f i r s t .  Th i s  w a s  done by 
f l o a t i n g  t h e  r i b  and bottom faces w h i l e  weaving 45.7 
c m  (1 .5  f e e t )  of t h e  p l a i n  weave t o p  f a c e  t o  t h e  t a r g e t  
warp and f i l l  coun t s .  This  f a b r i c  w a s  s a t i s f a c t o r y  
and i t  w a s  f e l t  t h a t  t h e  dropping  out  of t h e  r i b  and 
bottom f a c e s  would no t  be d e t r i m e n t a l  t o  t h e  weaving 
of t h e  s i n g l e  ply fabr ic .  
The hybr id  f l u t e d  core f a b r i c  w a s  t h e n  debugged and 
loom adjus tments  made u n t i l  t h e  c e l l  h e i g h t  w a s  1 . 2 7  
c m  (0.5 i n c h ) .  Samples o f  t h e  s t a r t - u p  f l u t e d  core 
fabric  were f i l l e d  w i t h  i n s u l a t i o n  mandrels ,  and a f t e r  
examining t h e  As t roqua r t z  f a b r i c ,  it w a s  f e l t  t h a t  t h e  
weave was too porous and might l a te r  lead t o  e x c e s s i v e  
wicking when c o a t i n g  w i t h  s i l i c o n e  rubbe r .  The p i c k  
count  of t h e  As t roqua r t z  bottom f a c e  was t h e n  i n c r e a s e d  
from 9 . 4  p i cks  p e r  c m  ( 2 4  p i c k s  p e r  i n c h )  t o  1 0 . 6  
p i c k s  p e r  c m  (27 p i c k s  p e r  i n c h ) .  T h e  p o r o s i t y  o f  
a sample w i t h  t h e  h ighe r  p i c k  count  appeared t o  be 
s u f f i c i e n t l y  reduced and a d e c i s i o n  was made t o  
i n c o r p o r a t e  t h e  t i g h t e r  weave. i n  t h e  I C A S  f a b r i c .  
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3 . 2 . 3 . 2  During t h e  debugging o f  t h e  f l u t e d  core s e c t i o n ,  
c o n s i d e r a b l e  breakage of warp ya rns  across t h e  e n t i r e  
w id th  of  t h e  bottom As t roqua r t z  f a c e  f a b r i c  w a s  
exper ienced .  Cons iderable  e f f o r t  w a s  expended i n  
t r y i n g  t o  de te rmine  t h e  cause  of t h i s  breakage.  A 
close examinat ion of loom p a r t s  i n  c o n t a c t  w i t h  t h e  
y a r n s  r evea led  t h a t  t h e  d e n t s  o f  t h e  reed, p a r t i c u l a r l y  
on t h e  l e f t  and r i g h t  ends o f  t h e  r e e d ,  w e r e  bad ly  
grooved and probably were c o n t r i b u t i n g  t o  t h e  ya rn  
breakage.  These reed d e n t  grooves are shown i n  F igu re  
3-7 .  However, replacement  o f  t h e  r eed  o n l y  p a r t i a l l y  
a l l e v i a t e d  t h e  c o n d i t i o n .  The problem w a s  corrected 
by a combinat ion o f  remedies which inc luded  p o l i s h i n g  
t h e  s u r f a c e  o f  t h e  s h u t t l e  f o r  t h e  As t roqua r t z  ya rn ,  
adding  m o r e  t e n s i o n i n g  weights  t o  t h e  As t roqua r t z  
ya rns  on  t h e  creel  t o  minimize warpyarn s l a c k e n i n g ,  
a d j u s t i n g  t h e  powering mechanism o f  t h e  loom's s h u t t l e s ,  
and l e v e l i n g  t h e  s h u t t l e  boxes. A f t e r  t h i s  e f f o r t ,  
t h e  s h u t t l e s  w e r e  a b l e  t o  pas s  through t h e  shed openings 
w i t h  an a c c e p t a b l e ,  minimal amount of  y a r n  breakage.  
Debugging of t h e  f l u t e d  core s e c t i o n  w a s  t h e n  resumed 
u n t i l  t h e  t a r g e t  c e l l  s i z e  w a s  achieved.  
3 . 2 . 4  Weaving. I t  w a s  dec ided  t o  weave an a d d i t i o n a l  3 0 . 4  c m  
(1 foo t )  o f  b o t h  t h e  f l u t e d  core and f l a t  f a b r i c  segment  
ends of t h e  ICAS t o  i n s u r e  s u f f i c i e n t  mater ia l  fo r  
trimming. A f t e r  weaving, t h e  f i r s t  I C A S  f a b r i c  w a s  
removed from t h e  loom and i n s p e c t e d  fo r  d e f e c t s  and 
p rope r  c e l l  s i z e .  Unfo r tuna te ly ,  w h i l e  weaving t h e  
f l u t e d  core segment, an a c c i d e n t  occur red  j u s t  a s h o r t  
d i s t a n c e  from t h e  t r a n s i t i o n  zone. The program c h a i n  
c o n t r o l l i n g  t h e  weave p a t t e r n  lodged a l lowing  more 
Nicalon f i l l  ya rns  t o  be packed i n t o  t h e  t o p  f a c e .  
The high ya rn  d e n s i t y  i n  t h a t  area resulted i n  break- 
age of s e v e r a l  Nicalon warp ya rns  and t h u s  c r e a t e d  a 
h o l e  on t h e  top f ace .  La te r ,  e f f o r t s  t o  r e p a i r  t h e  
f a b r i c  by hand sewing w i t h  Nicalon yarn  proved u n s a t i s -  
f a c t o r y ,  and t h e  ICAS l e n g t h  w a s  r e j e c t e d  fo r  any 
f u r t h e r  p rocess ing .  The program c h a i n  mechanism w a s  
a d j u s t e d  t o  e l i m i n a t e  any r e c u r r e n c e  of t h i s  mishap. 
T h e  ce l l s  o f  core f a b r i c  segments of  t h e  f i r s t  and 
subsequent  ICAS l e n g t h s  w e r e  i n s p e c t e d  s i m i l a r l y  t o  
I t e m  1, though us ing  mandrels dimensioned i n  F igu re  
3 - 8 .  A l t o g e t h e r ,  f o u r  ICAS l e n g t h s  w e r e  produced. 
An area o f  t h e  number t h r e e  ICAS w a s  s l i g h t l y  damaged 
d u r i n g  subsequent  f a b r i c a t i o n  o p e r a t i o n s ,  so r ep lace -  
ments w e r e  made fo r  t h e  f i r s t  and t h i r d  l e n g t h s .  The 
second and f o u r t h  ICAS l e n g t h s  w e r e  i n s p e c t e d  and found 
t o  be almost d e f e c t - f r e e .  
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3.2 .5  I n s u l a t i o n  P r e p a r a t i o n .  S tandard  one h a l f  i n c h  nominal 
t h i c k n e s s  Q-Fiber  F e l t  w a s  conver ted  t o  i n s u l a t i o n  
mandrels  fo r  i n s e r t i o n  i n t o  f l u t e s  o f  t h e  core f ab r i c  
segments u s ing  a m o d i f i c a t i o n  of t h e  procedure  fo r  
I t e m  1. The new procedure i s  p resen ted  i n  F i g u r e  3-9. 
The c o n c e n t r a t i o n  o f  a c r y l i c  b inde r  i n  t h e  s a t u r a t i n g  
s o l u t i o n  w a s  i n c r e a s e d  t o  provide  s t r o n g e r  mandrels  
w i t h  b e t t e r  h a n d l e a b i l i t y .  A l s o ,  s a t u r a t e d  i n s u l a t i o n  
p a n e l s  w e r e  allowed t o  a i r  d r y  fo r  t w o  hours p r i o r  t o  
oven d r y i n g .  When d r i e d  r a p i d l y ,  t h e  a c r y l i c  s o l u t i o n  
mig ra t ed  t o  t h e  s u r f a c e s  e x c e s s i v e l y ,  l e a v i n g  too l i t t l e  
r e s i n  i n  t h e  c e n t e r  of  t h e  pane l .  Th i s  excess  mig ra t ion  
r e s u l t e d  i n  s o f t  pane l  c e n t e r s ,  expansion o f  p a n e l  
t h i c k n e s s ,  and weak mandrels.  Dimensions o f  t h e  c u t  
mandrels  are  p resen ted  i n  F igu re  3-10. 
3.2.6 Gore Assembly Development. S e v e r a l  concep t s  t o  f ab r i -  
cate a two-gore s t r u c t u r e  f r o m  t h e  f l u t e d  core f a b r i c  
segments were cons ide red .  Among t h e s e  w a s  an i d e a  t o  
o v e r l a p  t h e  edges of  a d j a c e n t  go res  and s e w  through 
t h e  over lapped  l a y e r s .  Another w a s  t o  p rov ide  wide 
borders of f a b r i c  on each edge of a d j a c e n t  g o r e s ,  s e w  
mat ing bo rde r s  t o g e t h e r ,  and f i l l  t h e  vo id  between t o p  
and bottom f a c e s  w i t h  i n s u l a t i o n .  These and o the r  
concepts  were r u l e d  o u t  because o f  t h e  concern t h a t  
t h e  j o i n t  could no t  be r e l i a b l y  i n s u l a t e d .  Also, i t  
w a s  b e l i e v e d  t h a t  t h e s e  t y p e s  of j o i n t s  would add t o  
t h e  s t i f f n e s s  of gore  a s sembl i e s ,  and would p r e s e n t  
s e r i o u s  manufac tur ing  d i f f i c u l t i e s  when s c a l e d  up t o  
l a r g e  p a r t s .  
t a d p o l e  i n s u l a t e d  j o i n t s  between a d j a c e n t  go res .  Th i s  
w a s  b e l i e v e d  t o  be t h e  m o s t  v i a b l e  from three s t and-  
p o i n t s :  1) p rov id ing  good f l e x i b i l i t y  t o  t h e  j o i n t ,  
2) o f f e r i n g  more r e l i a b l e  the rma l  p r o t e c t i o n ,  and 3 )  
p r e s e n t i n g  f e w e r  manufactur ing problems on sca le -up .  
A schemat ic  d e p i c t i o n  o f  t h i s  concept  i s  seen  i n  
F i g u r e  3-11. 
3 .2 .6 .1  . The concept  adopted f o r  t h i s  e f f o r t  w a s  t h e  use o f  
3 .2 .6 .2  The i n i t i a l  j o i n t  development u t i l i z e d  f l u t e d  core 
specimens woven d u r i n g  s t a r t - u p  and debugging. To 
provide  t h e  t a d p o l e ,  i t  w a s  dec ided  t o  i n v e s t i g a t e  
h igh  tempera ture  t u b u l a r  b ra ids  f i l l e d  w i t h  mater ia ls  
t h a t  were r e s i l i e n t  a s  w e l l  as i n s u l a t i n g .  Two d i a -  
meters of Nicalon b r a i d s  were p repa red ,  0 . 6 4  c m  (0 .25  
i n c h ) ,  and 0.95 c m  ( 0 . 3 8  i n c h ) ,  and these w e r e  f i l l e d  
w i t h  bundles  of  6 2  p a r a l l e l  Nicalon ya rns  and 1 2 0  
ya rns  r e s p e c t i v e l y ,  F igu re  3-12. A f t e r  p r e l i m i n a r y  
e v a l u a t i o n  of t h e s e  mater ia ls ,  it w a s  determined t h a t  
t he  l a r g e r  d i ame te r  b r a i d  would bes t '  f i l l  t h e  gap a t  
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t h e  gore  j o i n t .  A p l a i n  weave shroud of Nicalon 
f a b r i c  w a s  used t o  form a l l  b u t  t h e  f i rs t  t a d p o l e  
c o n f i g u r a t i o n .  
3 .2 .6 .3  Models of t h r e e  v a r i a t i o n s  of t h e  b a s i c  gore  j o i n t  
were produced t o  r e s o l v e  sewing t echn iques  and t o  
de te rmine  which d e s i g n  would o f f e r  t h e  optimum 
s t r e n g t h  and thermal  p r o t e c t i o n .  As t roqua r t z  I1 
sewing t h r e a d  Type 4-12 w i t h  9855 Tef lon  c o a t i n g  was 
used throughout  t h e  program, b o t h  f o r  machine and 
hand s t i t c h i n g .  This  h igh - twi s t  t h r e a d  made from 
cont inuous  s i l i c a  f i l a m e n t s  has a minimum break ing  
s t r e n g t h  o f  6 .8  kg (15 pounds) .  A d d i t i o n a l  i n f o r -  
mation on t h i s  sewing thread  i s  p r e s e n t e d  i n  
Appendix D .  A S i n g e r  t y p e  1 7  cy l inder -bed  sewing 
machine f i t t e d  w i t h  a S inge r  N o .  110/18 need le  w a s  
used,  see F i g u r e  3-13. 
3 .2 .6 .4  T h e  t h r e e  models prepared  are shown s c h e m a t i c a l l y  i n  
F i g u r e s  3-14 t o  3-16. A p o r t i o n  o f  i n s u l a t i o n  and r i b s  
w e r e  removed from one s ide  of each of t h e  t w o  p a n e l s  
t o  be j o i n e d  so t h a t  approximately 7 . 6  t o  1 0 . 2  c m  
( 3  t o  4 i n c h e s )  of s i n g l e  p l y  Nicalon and As t roqua r t z  
f a b r i c  remained a t  t h e  edges.  I n  Model A ,  s t i t c h i n g  
w a s  performed a t  p o i n t s  A ,  B ,  C ,  and D .  The f irst  
s t i t c h  A w a s  done t o  e n c a p s u l a t e  t h e  Q-Fiber  F e l t .  T o  
ach ieve  a h i g h e r  j o i n t  s t r e n g t h ,  t h e  shroud f a b r i c ,  
i n  t h i s  case a balanced ha rness  weave, w a s  a t t a c h e d  
t o  t h e  Nicalon t o p  f a c e  a t  p o i n t  B. Once these p o i n t s  
w e r e  s t i t c h e d ,  t h e  Nicalon b r a i d  w a s  p l aced  i n  t h e  
shroud and t h e  t a d p o l e  c l o s e d  by s t i t c h i n g  through 
t h e  shroud a t  p o i n t  C .  The t a d p o l e  and u n i n s u l a t e d  
edges were t h e n  s t i t c h e d  t o g e t h e r  a t  p o i n t  D.  T h i s  
model e x h i b i t e d  ve ry  good f l e x i b i l i t y  a t  t h e  j o i n t .  
However, due t o  t h e  looseness  of  t h e  shroud fabr ic  and 
t h e  p o s i t i o n s  o f  t h e  s t i t c h i n g  p o i n t s ,  t h e  j o i n t  had 
a tendency t o  s e p a r a t e  from p o i n t  A t o  B.  T h i s  was 
no t  a c c e p t a b l e  s i n c e  t h e r e  would be no the rma l  p r o t e c t -  
i o n  benea th  t h e s e  p o i n t s .  
3 .2 .6 .5  I n  Model B ,  t h e  thermal  p r o t e c t i o n  and s t r e n g t h  
q u a l i t i e s  w e r e  enhanced by t h e  a d d i t i o n  of Q-Fiber  F e l t  
i n s u l a t i o n ,  t h e  p o s i t i o n s  o f  t h e  s t i t c h i n g  p o i n t s ,  and 
t h e  change t o  a p l a i n  weave Nicalon shroud.  The 
Nica lon  t o p  f a c e  and p l a i n  weave shroud w e r e  sewn 
t o g e t h e r  a t  p o i n t  A and a g a i n  s l i g h t l y  lower a t  p o i n t  
B. The double  s t i t c h i n g  i n  t h i s  a r e a  decreased t h e  
p o s s i b i l i t y  o f  t h e  go re  edges s e p a r a t i n g  from t h e  
t a d p o l e  and o f  t h e  j o i n t  f a i l i n g .  A f t e r  t h e  t a d p o l e  
i n s u l a t o r  was c l o s e d  a t  s t i t c h  C ,  a 1 0 . 2  c m  ( 4  i n c h )  
wide s t r i p  of 1 / 2  i n c h  nominal t h i c k n e s s  Q-Fiber  F e l t  
6 4  
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w a s  f i r m l y  p l aced  a long  t h e  edge o f  t h e  i n s u l a t i o n  
mandrels  and sandwiched between t h e  Nica lon  t o p  
f a c e  and As t roqua r t z  bottom f a c e .  Th i s  gap f i l l e r  
w a s  t h e n  sewn t o g e t h e r  a t  p o i n t  D and t h e  j o i n t  
t a i l  f a b r i c s  s t i t c h e d  t o g e t h e r  a t  p o i n t  E. The 
a d d i t i o n  o f  t h e  gap f i l l e r  appeared t o  o f f e r  i n c r e a s e d  
thermal  p r o t e c t i o n  a t  t h e  j o i n t  area,  and a f t e r  much 
f l e x i n g  o f  t h e  specimen, t h e  j o i n t  appeared undamaged. 
There w a s  a s i g n i f i c a n t  improvement i n  j o i n t  s t r e n g t h  
of Model B ove r  Model A. However, t h e  gap f i l l e r  
i n s u l a t i o n  t h a t  extended a long  t h e  t a d p o l e  t a i l  
r e s t r i c t e d  t h e  f l e x i b i l i t y  o f  t h e  j o i n t .  A l s o ,  t h e  
o v e r a l l  t h i c k n e s s  of t h e  j o i n t  t a i l  d i d  n o t  pe rmi t  
machine s t i t c h i n g ,  so hand sewing w a s  necessa ry .  
Model C resembled B excep t  t h a t  t h e  Q-Fiber  F e l t  
gap f i l l e r  d i d  no t  ex tend  a long  t h e  t a d p o l e  t a i l .  
Once p o i n t s  A, B ,  and C were s t i t ched ,  a 1 . 7 2  c m  
(0 .68 i n c h )  wide s t r i p  o f  t h e  1 / 2  i n c h  nominal t h i c k -  
n e s s  Q-Fiber F e l t  mater ia l  was b u t t e d  a g a i n s t  t h e  edges 
o f  t h e  i n s u l a t i o n  mandrels .  The gap f i l l e r  w a s  
con ta ined  by c l o s i n g  t h e  gore  edges a t  s t i t c h  D .  The 
j o i n t  w a s  completed by sewing t h e  u n i n s u l a t e d  edges 
and t a d p o l e  t o g e t h e r  a t  p o i n t  E .  Model C e x h i b i t e d  
much more f l e x i b i l i t y  t h a n  Model B. Using t h e  sewing 
machine a t  p o i n t  E r e s u l t e d  i n  a more uniform and 
t i g h t e r  s t i t c h  t h a n  t h e  hand sewn Model B. A t  t h i s  
p o i n t ,  t h e  Model C j o i n t  appeared t o  be t h e  best choice. 
3.2.6.6 
3.2.6.7 The model specimens were h e a t  c leaned  t o  de te rmine  t h e  
e f f e c t  on s t i t c h i n g .  I t  w a s  d i scove red  t h a t  t h e  thread 
had l o s t  m o s t  o f  i t ' s  s t r e n g t h ,  and upon close examin- 
a t i o n  found t h a t  t h e  As t roqua r t z  had become badly  
abraded by t h e  Nicalon s i l i c o n  carbide fabric .  Loss 
of  t h e  t h r e a d ' s  b inde r  a l so  c o n t r i b u t e d  t o  t h e  reduced 
s t r e n g t h .  It  w a s  t h e n  dec ided  t o  encase  t h e  A s t r o -  
q u a r t z  t h r e a d  w i t h  a h igh  T P I  count  o f  double-served,  
75  d e n i e r  nylon yarn.  Served sewing thread w a s  used 
on a l l  subsequent  s t i t c h i n g ,  and t h e  a b r a s i o n  problem 
w a s  g r e a t l y  reduced.  
3 .2 .6 .8  T o  improve t h e  i n s u l a t i o n  c a p a b i l i t y  of t h e  t a d p o l e ,  
i t  w a s  dec ided  t o  f i l l  t h e  Nicalon b r a i d  w i t h  Q-Fiber 
F e l t  ra ther  t h a n  Nicalon y a r n s .  S t r i p s  of s t a n d a r d  
1 / 2  i n c h  nominal t h i c k n e s s  i n s u l a t i o n  1 . 2 7  c m  x 3.6 
meters ( 0 . 5  i n c h  x 1 2  f ee t )  w e r e  p repared  by a t t a c h i n g  
t w o  1 . 8  meter ( 6  f o o t )  l e n g t h s  end-to-end w i t h  
adhesive-bonded r a b b i t  j o i n t s .  Each s t r i p  w a s  fed  
i n t o  a 32 carrier b r a i d i n g  machine s e t  up w i t h  2 ends 
p e r  carr ier ,  wh i l e  t h e  Nicalon ya rns  b ra ided  around t h e  
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i n s u l a t i o n .  T h e  f i n i s h e d  b r a i d  diameter  w a s  0.95 c m  
(0.375 i n c h ) .  The b r a i d  w i t h  t h e  Q-Fiber  F e l t  f i l l e r  
i s  shown i n  F igu re  3-17. 
3.2.6.9 F u r t h e r  e v a l u a t i o n  o f  h e a t  c leaned  specimens r e v e a l e d  
t h a t  t h e  A and B s t i t c h  p o i n t s  of  t h e  Model C j o i n t  
r e s t r i c t e d  t h e  h ing ing  movement of t h e  go res .  T h i s  
reduced t h e  f l e x i b i l i t y  o f  t h e -  j o i n t  and p u t  an 
e x c e s s i v e  load  on t h e  As t roqua r t z  s t i t c h i n g  d u r i n g  
handl ing .  A s  a r e s u l t ,  a Model D w a s  f a b r i c a t e d ,  
F i g u r e  3-18, i n  which o n l y  one s t i t c h  p o i n t ,  A ,  w a s  
used between t h e  shroud and Nicalon t o p  face and 
l o c a t e d  j u s t  above t h e  bottom As t roqua r t z  f a c e .  The 
t a d p o l e  w a s  formed a t  t h e  B p o i n t ,  t h e  gap f i l l e r  
c l o s e d  o u t  a t  t h e  C p o i n t ,  and t h e  t a i l  j o i n e d  a t  
D. S ince  t h i s  model o f f e r e d  g r e a t e r  f l e x i b i l i t y  and 
reduced stress on  t h e  s t i t c h i n g ,  t h i s  j o i n t  d e s i g n  
w a s  s e l e c t e d  f o r  f a b r i c a t i n g  t h e  two-gore assembly. 
F i g u r e  3-19 i s  a p a r t i a l  assembly of t h i s  model's 
cross s e c t i o n  b e f o r e  t h e  a d d i t i o n  of t h e  b r a i d .  
F i g u r e  3-20 i s  a cross s e c t i o n  of a completed Model 
D j o i n t .  The b r a i d  i n s u l a t i o n ,  gap f i l l e r  and t h e  
p l i e s  making up t h e  j o i n t  t a i l  can be s e e n  i n  t h i s  
photo.  
3.2.7 T A B I  Coat ing  Development. The o b j e c t i v e  of t h i s  t a s k  
w a s  t o  deve lop  a procedure f o r  c o a t i n g  t h e  A s t r o q u a r t z  
face o f  t h e  f l u t e d  core f a b r i c  segments w i t h  RTV 
s i l i c o n e  rubber .  The g o a l  w a s  t o  p rov ide  a r e l i a b l e ,  
uniform t h i c k n e s s ,  p r e s s u r e  membrane w i t h  a good 
mechanical  bond t o  t h e  f a b r i c .  S e v e r a l  f a c t o r s  w e r e  
cons ide red  p r i o r  t o  p r e p a r i n g  specimens. These inc luded  
de te rmin ing  t h e  s t a g e  a t  which t h e  TABI go res  should  
be c o a t e d ,  t h e  e f f e c t  o f  t h e  h igh  working v i s c o s i t y  
of the RTV, and t h e  p o t e n t i a l  problem of c o a t i n g  t h e  
l a r g e  area of t he  fabr ic  w i t h  a ma te r i a l  w i t h  l i m i t e d  
pot l i f e .  I t  w a s  dec ided  t h a t  c o a t i n g  t h e  go res  
fo l lowing  t h e  j o i n i n g  p rocess  and heat c l e a n i n g  would 
pe rmi t  RTV t o  f i l l  any vo ids  produced d u r i n g  t h e  
sewing o p e r a t i o n s .  I t  w a s  a l s o  dec ided  t h a t  t h e  
v i s c o s i t y  o f  t h e  RTV would be reduced by d i l u t i o n  
w i t h  s o l v e n t s ,  i f  necessa ry ,  and t h a t  smaller  a r e a s  
o f  t h e  f ab r i c  would be coa ted  t o  accommodate t h e  working 
t i m e  of  t h e  RTV. The edges of smaller areas would be 
over lapped  t o  i n s u r e  c o a t i n g  c o n t i n u i t y .  
3.2.7.1 General  Electr ic  RTV 560 i s  a two-component room temp- 
e r a t u r e  v u l c a n i z i n g  s i l i c o n e  rubber  compound. I t  i s  
red i n  c o l o r  and has a v i s c o s i t y  of approximately 
3 0 , 0 0 0  c e n t i p o i s e  ( 2 0 . 2  pounds/foot-second) .  A f t e r  
c a t a l y z i n g  w i t h  0 . 5 %  DBT ( d i b u t y l  t i n  d i l a u r a t e ) ,  
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working t i m e  i s  approximately one hour.  A d d i t i o n a l  
i n fo rma t ion  on t h i s  mater ia l  i s  p r e s e n t e d  i n  Appendix 
F. The i n i t i a l  work involved becoming f a m i l i a r  w i t h  
t h e  RTV, a t t e m p t i n g  v a r i o u s  t echn iques  t o  coat samples ,  
de t e rmin ing  a t t a i n a b l e  c o a t i n g  t h i c k n e s s e s ,  and 
obse rv ing  t h e  deg ree  of RTV wicking i n t o  t h e  Q-Fiber  
F e l t .  F l u t e d  core s t a r t - u p  mater ia l  w a s  used f o r  t h e  
tests.  S i x  c o a t i n g  t echn iques  w e r e  i n v e s t i g a t e d .  
(1) Spread Coat ing.  An amount o f  RTV 560 ca l cu labed  t o  
cover  497 c m 2  (77  i n 2 )  w i t h  3.2 mm (0.125 i n c h )  o f  
c o a t i n g  t h i c k n e s s  w a s  p repared  by thoroughly  mixing 
the  s i l i c o n e  rubber  w i t h  0 . 5 %  c a t a l y s t .  T h e  mix 
w a s  poured o n t o  t h e  As t roqua r t z  f a b r i c  and sp read  
o v e r  t h e  e n t i r e  s u r f a c e  w i t h  a s t r a i g h t  edge. 
mater ia l  sp read  q u i t e  e a s i l y  a t  f i r s t ,  b u t  a f t e r  
about  20  minutes  t h e  rubber  began t o  s e t  and 
f u r t h e r  s p r e a d i n g  w a s  d i f f i c u l t .  The specimen w a s  
t h e n  l e f t  t o  c u r e  o v e r n i g h t  a t  room tempera tu re .  
While c u r i n g ,  a i r  bubbles  appeared a t  t h e  s u r f a c e ,  
i n d i c a t i n g  t h a t  t h e  c a t a l y z e d  mix might r e q u i r e  
d e a e r a t i n g  b e f o r e  sp read ing .  A f t e r  c u r i n g ,  a 
cross s e c t i o n  o f  t h e  sample r e v e a l e d  t h a t  t h e  RTV 
bonded w e l l  t o  t h e  As t roqua r t z  and d i d  n o t  wick i n t o  
t h e  Q-Fiber F e l t  i n s u l a t i o n .  The t h i c k n e s s  o f  t h e  
c o a t i n g ,  however, w a s  no t  uniform. Based on t h e s e  
o b s e r v a t i o n s ,  s ca l ing -up  t o  spread-coa t  l a r g e  areas 
might cause  problems i n  producing a uniform c o a t i n g  
t h i c k n e s s .  A l s o ,  it appeared t h a t  t h e  l a r g e  areas 
might have t o  be t r e a t e d  by c o a t i n g  many s m a l l  
increments  i n  o r d e r  t o  accommodate t h e  s h o r t  work- 
i n g  t i m e  o f  t h e  c a t a l y z e d  RTV and t h e  p o t e n t i a l  
need f o r  p r a c t i c a l  s i z e d  d e a e r a t i o n  equipment. 
A second sample w a s  prepared aimed a t  a t t a i n i n g  a 
t h i n n e r  and more uniform c o a t i n g .  A f a b r i c  specimen 
103.2 c m 2  ( 1 6  i n 2 )  w a s  p l aced  on  a f l a t  surface w i t h  
t h e  As t roqua r t z  f a b r i c  s i d e  exposed t o  allow sp read  
c o a t i n g  w i t h  a k n i f e  gage set  a t  0.159 c m  (0.0625 
inch )  above the  fabr ic .  The c a l c u l a t e d  amount of 
RTV for  t h i s  a r e a  and t h i c k n e s s  was c a t a l y z e d  w i t h  
o n l y  0 . 3 %  DBT t o  i n c r e a s e  t h e  working t i m e ,  and 
t h e  mix d e a e r a t e d  i n  a vacuum. When cu red ,  t h e  
s u r f a c e  o f  t h e  c o a t i n g  appeared ve ry  smooth and f r e e  
of a i r  bubbles .  Although a t h i n n e r  c o a t i n g  w a s  
o b t a i n e d ,  t h e  sp read -coa t ing  method w a s  abandoned 
because producing a uniform t h i c k n e s s  by t h i s  
technique  d i d  no t  appear  feasible .  
T h e  
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Cas t ing .  A 30.5 c m  x 30.5 c m  (12  i n c h  x 1 2  i n c h )  
area of p o l y e s t e r  f i l m  w a s  enc losed  by a dam 
c o n s i s t i n g  o f  f o u r  a c r y l i c  s t r i p s  0 . 1 2 7  c m  (0.050 
i n c h )  h igh  t o  provide  a mold f o r  c a s t i n g  RTV. The 
i n t e n t  w a s  t o  cast  a cu red ,  uniform s h e e t  which 
could  t h e n  be  bonded t o  t h e  As t roqua r t z  f a b r i c .  
The RTV w a s  c a t a l y z e d  i t h  0.3% DBT, and 2 . 0 %  by 
weight  o f  t o l u e n e  added t o  reduce  v i s c o s i t y .  
A f t e r  d e a e r a t i n g ,  t h e  mix w a s  poured i n t o  t h e  mold 
and a squeegee used t o  spread  t h e  RTV and f i l l  t h e  
c a v i t y  t o  t h e  h e i g h t  o f  t h e  dam. The cu red  cast  
RTV e x h i b i t e d  good t h i c k n e s s  un i fo rmi ty  and w a s  
f r e e  of a i r  bubbles .  Cata lyzed  RTV w a s  t h e n  brushed 
onto  t h e  As t roqua r t z  s u r f a c e  o f  a 103.2 s q  c m  ( 1 6  
i n 2 )  f l u t e d  core specimen, a p o r t i o n  of t h e  cured  
f i l m  p laced  f i r m l y  o v e r  t h e  b rush  coat,  and t h e  
f r e s h l y  a p p l i e d  RTV bonding l a y e r  l e f t  t o  c u r e  
o v e r n i g h t .  The adhes ive  l a y e r  added about  2 0 %  t o  
t h e  o v e r a l l  RTV t h i c k n e s s .  Examination of  t h e  
cured  specimen, F igu re  3-21, r e v e a l e d  a ve ry  
uniform, t h i c k  RTV s h e e t ,  w e l l  bonded t o  t h e  
A s t r o q u a r t z ,  and probably s u i t a b l e  f o r  c o a t i n g  l a r g e  
areas. However, a f i l m  t h i c k n e s s  o f  0 . 1 2 7  c m  ( 0 . 0 5 0  
i n c h )  would produce a p r e s s u r e  membrane having 
e x c e s s i v e  a r e a l  weight  o f  approximately 1 . 7 5  kg/sq 
meter (51.6 o z / s q  y d ) .  Film t h i c k n e s s e s  below 0 . 0 5  
c m  ( 0 . 0 2 0  i n c h )  would be more s u i t a b l e ,  b u t  no 
e x i s t i n g  sources  could  be found f o r  producing  large 
q u a n t i t i e s  o f  uniform, t h i n ,  RTV f i l m .  
(3 )  T r a n s f e r  Coat ing.  The f i rs t  t r a n s f e r  c o a t i n g  t r i a l  
a t tempted  t o  ach ieve  a f i l m  t h i c k n e s s  o f  0 . 0 1 8  c m  
(0.007 i n c h )  ove r  a 4 9 7  s q  c m  ( 7 7  in’) f a b r i c  area. 
A p p r o x i m a t e l y  0 .3% by w e i g h t  of DBT c a t a l y s t  w a s  
added t o  the  RTV, thoroughly  mixed and t h e n  sp read  
evenly  ove r  a p o l y e s t e r  f i l m .  The RTV w a s  t h e n  
t r a n s f e r r e d  by f i r m l y  rubbing  t h e  p o l y e s t e r  and RTV 
a g a i n s t  t h e  As t roqua r t z  f a b r i c .  A f t e r  c u r i n g  over-  
n i g h t ,  t h e  p o l y e s t e r  pee l ed  away l e a v i n g  an appa ren t  
smooth and uniform c o a t i n g  of RTV. F u r t h e r  examin- 
a t i o n  of t h e  coa ted  sample r e v e a l e d  t h a t  t h e  RTV 
d i d  n o t  adhere  w e l l  a t  t h e  nodes of  t h e  f l u t e s  and 
could  be e a s i l y  scraped  away. The c o a t i n g  a t  t h e  
nodes appeared t o  have b l i s t e r e d  or  l i f t e d  from 
t h e  f i b e r s  i n  t h a t  area. Between nodes though, 
t h e  RTV produced an  e x c e l l e n t  smooth c o a t i n g  o f  
t h e  d e s i r e d  t h i c k n e s s ,  see F igure  3-22. 
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The b l i s t e r i n g  e f f e c t  a t  t h e  nodes w a s  f i r s t  thought  
t o  be t h e  r e s u l t  of gas ses  en t rapped  i n  t h e  RTV a s  
w e l l  as t h e  lower yarn  d e n s i t y  i n  t h e  r e c e s s e d  node 
area. S ince  t h e  yarn  count  a t  t h e  node i s  r e l a t i v e l y  
l o w ,  t h e r e  i s  less bonding s u r f a c e  f o r  t h e  RTV. 
Another specimen w a s  p repared  by t h e  s a m e  t ech-  
nique excep t  t h a t  t h e  c a t a l y z e d  RTV mix w a s  
d e a e r a t e d .  Once a g a i n  t h e  RTV seemed t o  have 
b l i s t e r e d  a t  t h e  nodes,  y e t  appeared e x c e l l e n t  
between nodes. 
t h e  RTV mix tu re  may not  be necessary .  
a f a b r i c  sample and t h e  c o a t i n g  sp read  w i t h  a 
squeegee too l .  C a r e  w a s  t aken  t o  force t h e  RTV 
i n t o  t h e  nodes t o  a s s u r e  adhes ion  i n  t h e s e  areas. 
When c u r e d ,  t h e  coa ted  sample w a s  examined, o n l y  
t o  f i n d  t h a t  t h e  RTV had b l i s t e r e d  a g a i n  a t  t h e  
nodes. Th i s  method produced a f i l m  t h i c k n e s s  of 
approximate ly  0.038 c m  (0 .015  i n c h ) .  
This  r e s u l t  i n d i c a t e d  t h a t  d e a e r a t i n g  
( 4 )  Squeegee Coat ing.  Cata lyzed  RTV w a s  poured o n t o  
(5) Combination Brush and T r a n s f e r  Coat ing.  Cata lyzed  
RTV w a s  brushed o n t o  t h e  As t roqua r t z  f a b r i c  and 
t h e n  a t r a n s f e r  coat a p p l i e d  a t o p  t h e  b rush  coat. 
The r e s u l t  w a s  a uniformly smooth c o a t i n g ,  w i t h  
a t h i c k n e s s  approximately 0 . 0 5  c m  ( 0 . 0 2 0  i n c h ) .  It  
w a s  observed  t h a t  pocke t s  w e r e  formed between t h e  
t r a n s f e r  and b r u s h  coats ,  d i r e c t l y  o v e r  t h e  nodes.  
(6) Brush Coat ing.  T h e . f i n a l  a t t empt  t o  coat a TAB1 
sample involved  a b rush  coat of RTV. Using a p a i n t  
b rush  w i t h  s h o r t ,  s t i f f  b r i s t l e s ,  c a t a l y z e d  RTV 
w a s  "worked" i n t o  t h e  f a b r i c  and node areas. T h i s  
t echn ique  produced e x c e l l e n t  adhesion t o  t h e  f a b r i c  
w i t h o u t  b l i s t e r i n g  a t  t h e  nodes, F i g u r e  3 - 2 3 .  T h e  
s u r f a c e  t e x t u r e  o f  t h e  c o a t i n g  w a s  n o t  as smooth as 
t h o s e  produced by t h e  o t h e r  methods, and had an 
appearance resembl ing  t h e  weave o f  t h e  f a b r i c ,  
F i g u r e  3-24. The t e x t u r e  was improved somewhat by 
app ly ing  an a d d i t i o n a l  l i g h t  coat of RTV. Coa t ing  
t h i c k n e s s  a t  t h e  f l u t e  f a c e s  approached 0.0025 c m  
( 0 . 0 1 0  i n c h )  wh i l e  t h e  t h i c k n e s s  a t  t h e  nodes w a s  
n e a r l y  0 . 0 5  c m  ( 0 . 0 2 0  i n c h ) .  T h i s  technique  proved 
t o  be t h e  m o s t  s u c c e s s f u l ,  even though it w a s  t h e  m o s t  
t e d i o u s .  A d e c i s i o n  w a s  made t o  b rush  coat t h e  h e a t  
c l eaned  two-gore assembly. 
work t o  coat s i n g l e - p l y  Nicalon f a b r i c  u s ing  some of  
t h e  c o a t i n g  t echn iques  t r ied  fo r  A s t r o q u a r t z ,  i t  was 
a l s o  dec ided  t o  use brush  c o a t i n g  on any s i l i c o n  
c a r b i d e  f a b r i c  t h a t  may r e q u i r e  c o a t i n g .  
A f t e r  s o m e  expe r imen ta l  
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FIGURE 3-23 
BRUSH-COATED SPECIMEN 
NOTEGOOD COVERAGE OVER NODES 
FIGURE 3-24 
COATING APPEARANCE HAS TEXTURE OF FABRIC WEAVE 
CLOSE-UP OF BRUSH-COATED NODE AREA. 
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3.2.8 
(1) 
( 2  1 
@ Hitcore 
Assembly o f  Two-Gore TAB1 Panels .  Having developed 
t h e  t echn iques  f o r  p repa r ing ,  j o i n i n g ,  and c o a t i n g  
ICAS, a procedure w a s  d e f i n i t i z e d  f o r  producing  t h e  
I t e m  2 assembly, a s  p re sen ted  i n  F i g u r e  3-25. The 
p e r t i n e n t  t a s k s  o f  t h i s  procedure  are d e s c r i b e d  i n  
t h e  fo l lowing  s t e p s :  
S c r i b i n g  Contour o f  F l u t e  Length. 
made t o  p rocess  o n l y  one edge o f  each  ICAS s i n c e  
t h e r e  w a s  no th ing  t o  g a i n  by p roccess ing  bo th  edges 
f o r  a t w o  gore  assembly. Before committing ICAS 
f a b r i c  t o  p rocess ing ,  t w o  l e n g t h s  o f  f i b e r g l a s s  
Hitcores f l u t e d  f a b r i c  w e r e  c u t  and j o i n e d  t o  v e r i f y  
t h e  d e s i r e d  s p h e r i c a l  r a d i u s  o f  approximately 1.52 
meters (5 f e e t ) .  The Hi t co re  w a s  p l aced  on a f l a t  
s u r f a c e  and an arc s c r i b e d  on t h e  mating edge o f  
each  l e n g t h  o f  f a b r i c  u s ing  a f l a t  t empla t e  w i t h  a 
r a d i u s  o f  9 . 1  meters (30 f e e t ) .  Each f a b r i c ' s  edge 
w a s  c u t  approximately 7 . 6 2  c m  ( 3  i n c h e s )  beyond t h e  
s c r i b e d  l i n e ,  and t h e  two l e n g t h s  sewn t o g e t h e r  
a long  t h e  marked l i n e s .  The assembly w a s  i n s p e c t e d  
on a s p h e r i c a l l y  shaped f i x t u r e  and conformed t o  
t h e  d e s i r e d  contour .  
A d e c i s i o n  was 
The second and f o u r t h  ICAS f a b r i c  l e n g t h s  w e r e  t h e n  
s c r i b e d  us ing  t h e  f l a t  t empla te .  The s i d e  of one 
As t roqua r t z  f a c e  f a b r i c  w a s  s c r i b e d  as d e p i c t e d  i n  
F i g u r e  3-26. The o t h e r  mat ing f a b r i c  w a s  s c r i b e d  on 
t h e  o p p o s i t e  s i d e  w i t h  t h e  t empla t e  r eve r sed .  The 
arc began a t  a p o i n t  i n  t h e  t r a n s i t i o n  zone, 7 . 6  c m  
( 3 . 0  i n c h e s )  from t h e  f a b r i c  edge. T h i s  arc  d e f i n e d  
t h e  ends o f  t h e  i n s u l a t i o n  mandrels which w e r e  t o  be 
i n s e r t e d  la ter .  
Removing Ribs.  A l l  Nicalon r i b  f a b r i c  between t h e  
s c r i b e d  mat ing  l i n e  and t h e  edge of  each  f a b r i c  w a s  
removed t o  p rov ide  s u f f i c i e n t  f a b r i c  f o r  c o n s t r u c t i n g  
t h e  t a d p o l e  j o i n t .  T o  f a c i l i t a t e  i n s e r t i o n  o f  
i n s u l a t i o n  i n t o  t h e  f l u t e s ,  one of t h e  mat ing  ICAS 
f l u t e d  core segments had p r e v i o u s l y  been r i g i d i z e d  
us ing  t h e  nylon mandrels and a c r y l i c  r e s i n  p r o c e s s i n g  
s t e p s  of I t e m  1. The s t i f f n e s s  o f  t h e  ya rns  made t h e  
removal o f  t h e  r i b s  ex t remely  d i f f i c u l t ,  and i t  w a s  
dec ided  t h a t  t h e  o t h e r  ICAS would n o t  be r i g i d i z e d .  
The r i g i d  ya rns  were s o f t e n e d  w i t h  w a r m  de ion ized  
w a t e r  t o  f a c i l i t a t e  hand l ing  and, w i t h  care,  removed. 
F igu re  3-27 i s  a close-up view showing r e s i n - s t i f f e n e d  
r i b s  p a r t i a l l y  removed. F a b r i c  c l e a r e d  o f  r i b s  from 
t h e  f a b r i c  edge t o  t h e  s c r i b e  l i n e  i s  s e e n  i n  F i g u r e s  
3-28 and 2 9 .  
i s  a r e g i s t e r e d  t r a d e  mark o f  HITCO. 
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C A S  FABRICS 
I 
RIGIDIZE CORE 
S E 0 MEN T 
NVLON MANDRELS 
SCRIBE CONTOUR OF 
FLUTE LENGTH O N  
ASTROOUARTZ FACE 
REMOVE RIBS 
TO MARKED LINE 
MANDRELS TO 
ASTROOUARTZ 
SEWING THREAD 
WEAVE NICALON 
FOR TADPOLE 
SHROUD 
SCRIBE TAIL LINE 
CUT PATTERN 
FABRIC SEGMENTS 
FIXTURES HEAT CLEAN 
COAT WITH 
ASTROOUARTZ 
PLY NICALON 
TAIL OF JOINT 
BOND OVERLAP OF 
TRIM COATED EDGES 
Figure 3-25 
PROCEDURE FOR MAKING TWO-GORE CONTOURED TAB1 ASSEMBLY 
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SELVAGE 
2.54 cm 
SECOND SCRIBE LINE 
/-TRIM LINE FOR TAIL OF JOINT 
FIRST SCRIBE LINE 
MATING LINE AND TERMINATION 
OF INSULATION MANDRELS 
ICAS FLUTED 
CORE SEGMENT 
RADIUS 
9.1 meters 
(30 feet) 
- 
TRANSITION 
ZONE 
7.6 cm 
(3.0 in.) 
\ C A S  SINGLE PLY 
FABRIC SEGMENT 
Figure 3-26 
SCRIBING LAYOUT FOR C A S  FABRICS 
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(3 )  I n s e r t i n g  I n s u l a t i o n  Mandrels. I n s u l a t i o n  mandrels  
p repa red  as  d e s c r i b e d  p r e v i o u s l y  were i n s e r t e d  i n t o  
t h e  f l u t e s  up t o  t h e  s c r i b e d  l i n e .  The f i rs t  ICAS 
i n s u l a t e d  l e n g t h  completed i s  shown i n  F i g u r e  3 - 3 0 .  
Both i n s u l a t e d  ICAS l e n g t h s  t o  be j o i n e d  are p i c t u r e d  
i n  F i g u r e  3 - 3 1 .  F i g u r e  3-32  i s  a c lose-up  view o f  
i n s u l a t i o n  mandrels t e r m i n a t i n g  a t  t h e  s c r i b e d  l i n e .  
( 4 )  S c r i b i n g  T r i m  Line.  A second marking t empla t e  s i m i l a r  
t o  t h e  f i r s t  w a s  used t o  s c r i b e  t h e  t r i m  l i n e  fo r  t h e  
t a i l  o f  a l l  t he  f a b r i c s  forming t h e  t a d p o l e  j o i n t .  
The r a d i u s  of t h i s  t empla t e  w a s  7 . 6  c m  ( 3  i n c h e s )  
g r e a t e r  t h a n  t h e  f i r s t  i n  order t o  p rov ide  a c o n s t a n t  
curved bo rde r  o f  f a b r i c  on each  mat ing  edge. The 
As t roqua r t z  f a b r i c  f a c e s  o f  t h e  t w o  i n s u l a t e d  ICAS 
l e n g t h s  w e r e  marked t h e n  c u t  t o  f o r m  t h e  bo rde r ,  see 
F i g u r e  3 - 2 6 .  
(5 )  C l o s i n g  o u t  Non-Mating Edges. The o u t e r  edges o f  t h e  
f l u t e d  core segments w e r e  closed o u t  by sewing t h e  
s e l v a g e s  o f  As t roqua r t z  and Nicalon f a c e s  w i t h  
A s t r o q u a r t z  sewing thread .  F igu re  3 - 3 3  i l l u s t r a t e s  
t h e  c l o s e - o u t  c o n s t r u c t i o n .  
(6) J o i n i n g  Mating Edges. The mating edges w e r e  c l o s e d  o u t  
and j o i n e d  as d e p i c t e d  i n  F igu res  3-34A and B. 
B a s i c a l l y  f i v e  s t e p s  were involved  t o  combine t h e  
t w o  trimmed, i n s u l a t e d  f l u t e d  core segments and 
produce a Model D j o i n t .  For t h e  sake  o f  d i s c u s s i o n ,  
t h e  segments w i l l  be i d e n t i f i e d  as A and B i n  t h e s e  
f i g u r e s .  
S t e p  1). Ast roqua r t z  sewing t h r e a d  w a s  used t o  s e w  t h e  
1 5 . 2  c m  (6 i n c h )  w i d e  tadpole  shroud f a b r i c  t o  t h e  
border area of t h e  Nicalon face fabr ic  w i t h  t h e  s t i t c h  
l i n e  3 c m  ( 1 . 2  i nches )  f r o m  t h e  ends o f  t h e  i n s u l a t i o n  
mandrels .  Th i s  d i s t a n c e  w a s  r e q u i r e d  f o r  t h e  p rope r  
l e n g t h  of  shroud t o  cover  t h e  b ra ided  core l a t e r ,  and 
t o  a l l o w  optimum j o i n t  f l e x i b i l i t y .  
S t e p  2 ) .  Q-Fiber  F e l t  gap f i l l e r  w a s  p laced  a d j a c e n t  
t o  t h e  i n s u l a t i o n  mandrels’  ends and t h e  f i l l e d  c a v i t y  
c l o s e d  o f f .  This  w a s  accomplished by sewing a l l  t h r e e  
f ab r i c  l a y e r s  t o g e t h e r ,  A s t r o q u a r t z ,  Nicalon and 
shroud,  s t i t c h e d  as c l o s e l y  as p o s s i b l e  t o  t h e  f i l l e d  
c a v i t y .  
S t e p  3 ) .  Segment A w a s  p l aced  o v e r  B w i t h  t h e  
Nicalon f a b r i c  f a c e s  of t h e  segments c o n t a c t i n g  each  
o t h e r .  T h e  Nicalon f a b r i c  of f a c e  B was a t t a c h e d  t o  
t h e  shroud f a b r i c  by sewing 3 c m  ( 1 . 2  i n c h e s )  f r o m  
t h e  ends o f  t h e  i n s u l a t i o n  mandrels .  
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TWO MARKED ,INSULATED ICAS FABRICS TO BE JOINED 
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CLOSE OUT CONSTRUCTION FOR NON-MATING EDGES 
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NICALON 
SHROUD 
7.6 
INSULATION 
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TWO ROWS OF STITCHES 
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NICALON FACE 
FABRIC 
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MACHINE SEW AS CLOSE 
AS POSSIBLE TO Q-FIBER 
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JOIN NICALON 
FACE ANDSHROUD 2. ADD GAP FILLER AND CLOSE 
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3. ATTACH NICALON FACE FABRIC OF@) TO TADPOLE SHROUD 
Figure 3-34A 
STEPS FOR JOINING MATING EDGES OF GORES 
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Figure 3-348 
STEPS FOR JOINING MATING EDGES OF GORES, (CONTINUED) 
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S t e p  4 ) .  The s t a c k  w a s  i n v e r t e d  so t h a t  segment B 
w a s  now above A. A s  i n  S t e p  21, Q-Fiber F e l t  gap 
f i l l e r  w a s  p laced  i n  t h e  c a v i t y  and encapsu la t ed  by 
s t i t c h i n g  t h e  three f a b r i c  l a y e r s  t o g e t h e r .  
S t e p  5 ) .  The two-gore subassembly w a s  p l aced  on a 
contoured  f i x t u r e  and t h e  b ra ided  core of t h e  t ad -  
p o l e  p o s i t i o n e d  i n  t h e  shroud f a b r i c  p r e v i o u s l y  
a t t a c h e d  t o  t h e  mating edges.  The f a b r i c  t a i l s  o f  
each  gore  w e r e  brought  t o g e t h e r  and hand s t i t c h e d  
w i t h  As t roqua r t z  sewing thread t o  t e m p o r a r i l y  s e c u r e  
t h e  t a d p o l e  c o n f i g u r a t i o n .  The Model D j o i n t  w a s  
completed by v e r t i c a l l y  mounting i n s u l a t e d  ICAS 
segments A and B i n  a f i x t u r e  t o  f a c i l i t a t e  machine 
sewing. 
t w o  go res  were r o l l e d  up and suppor ted  behind t h e  
f i x t u r e  d u r i n g  t h e  sewing o p e r a t i o n .  
o f  f a b r i c  forming t h e  j o i n t  t a i l  w e r e  sewn t o g e t h e r ,  
and t h e  temporary hand s t i t c h i n g  removed. The 
j o i n i n g  o p e r a t i o n  se t  up w i t h  t h e  v e r t i c a l  f a b r i c  
segments i n  t h e  f i x t u r e  and t h e  sewing machine are 
p i c t u r e d  i n  F igu re  3 - 3 5 .  Because o f  t h e  i n a b i l i t y  
t o  p o s i t i o n  t h e  needle  o f  t h e  sewing machine close 
t o  t h e  f a b r i c  i n  t h e  f i x t u r e ,  i t  w a s  necessa ry  t o  
remove t h e  p r o t r u d i n g  f r o n t  p l a t e  and t e n s i o n  d e v i c e  
of t h e  machine as shown i n  F igu re  3 - 3 6 .  S t i t c h i n g  of 
t h e  gore  f a b r i c s  be ing  j o i n e d  w i t h  t h e  modi f ied  sewing 
machine i s  s e e n  i n  F igu re  3 - 3 7 .  A s  sewing proceeded 
from one end o f  t h e  j o i n t  toward t h e  c e n t e r ,  t h e  
c u r v a t u r e  o f  t h e  p a n e l s  and t h e  h e i g h t  of t h e  
machine made it i n c r e a s i n g l y  d i f f i c u l t  t o  s t i t c h  
close t o  t h e  j o i n t ' s  base .  Near t h e  c e n t e r  of t h e  
j o i n t ' s  l e n g t h  it w a s  necessa ry  t o  s e w  t h e  innermost  
r o w  o f  s t i t c h e s  by hand, F igu re  3 - 3 8 .  
The i n t e g r a l  s i n g l e  p l y  segments o f  t h e  
All l a y e r s  
The assembly of t h e  f l u t e d  core segments and t a d p o l e  
j o i n t  i s  viewed from t h e  Nicalon f a b r i c  s i d e  of t h e  
f i x t u r e  i n  F igu re  3 - 3 9 .  F i g u r e  3-40 i s  a c lose-up  
view of t h i s  s u r f a c e .  
( 7 )  J o i n i n g  S i n g l e  P l y  Nicalon F a b r i c  Segments. The 
1 . 8  meters ( 6  f e e t )  long  s i n g l e  p l y  segments of 
ICAS over lapped  each  o t h e r  approximately 7 . 6  c m  
( 3  i n c h e s )  a f t e r  j o i n i n g  t h e  f l u t e d  core segments 
i n t o  t h e  contoured shape.  The f i rs t  0 . 6  meters 
(2 foot)  s e c t i o n  of Nicalon beyond t h e  ICAS t r a n s i t i o n  
zone w a s  t o  be j o i n e d  by s t i t c h i n g ,  t h e  second 0 . 6  
meter (2 fee t )  by adhes ive  bonding, and t h e  remainder 
l e f t  unbonded. Before s t i t c h i n g  t h e  f i r s t  s ec t ion ,  t h e  
excess  t a d p o l e  p r o t r u d i n g  f r o m  t h e  j o i n e d  g o r e s ,  
F i g u r e  3 - 4 1 ,  was trimmed and c losed  o u t .  Q-Fiber  F e l t  
w a s  removed from t h e  t a d p o l e ,  the  b r a i d  f l a t t e n e d ,  
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FIGURE 3-41 
EXCESS TADPOLE PROTRUDING FROM JOINED GORES 
10 0 
3.2.9 
3.2.9.1 
fo lded  back, and sewn t o  t h e  shroud f a b r i c .  The 
t e rmina ted  t a d p o l e  extended beyond t h e  f l u t e d  c o r e  
segment by 10.2 c m  (4 i n c h e s ) .  The f i r s t  s e c t i o n  
of s i n g l e  p l y  f a b r i c  w a s  t h e n  hand s t i t c h e d  as 
p i c t u r e d  i n  F igu re  3-42. Adhesive bonding of t h e  
second s e c t i o n  w a s  accomplished a f t e r  h e a t  c l e a n i n g .  
Heat Cleaning.  The t w o  gore  assembly o f  f l u t e d  
core segments w a s  p o s i t i o n e d  on a f i x t u r e ,  F i g u r e  
3-43, which had been covered w i t h  a c l e a n  l a y e r  o f  
g l a s s  c l o t h .  The s i n g l e  p l y  segment w a s  folded back 
t o  rest on t h e  core segment, and t h e  assembly h e a t  
c l eaned  i n  a l a r g e  r e c i r c u l a t i n g  oven u s i n 5  
the  same tempera ture  c y c l e  as for  I t e m  1, see 
paragraph  2.2.7. 
Coat ing  With S i l i c o n e  Rubber. A f t e r  h e a t  c l e a n i n g ,  
t h e  same f i x t u r e  suppor ted  t h e  contoured assembly 
w h i l e  c o a t i n g  t h e  A s t r o q u a r t z  with RTV.' A f l a t  t a b l e  
a d j a c e n t  t o  t h e  f i x t u r e ' s  end suppor ted  t h e  s i n g l e  
p l y  Nicalon.  S m a l l  ba t ches  o f  c a t a l y z e d  RTV rubber  
were mixed and a p p l i e d  by b rush ing  fo l lowing  t h e  
procedure  s e l e c t e d  i n  t h e  c o a t i n g  development t a s k ,  
F i g u r e  3-44. T h e  f ab r i c  t a i l s  of t h e  t a d p o l e  j o i n t  
w e r e  also c o a t e d ,  F igu re  3-45, and trimmed. RTV w a s  
t h e n  a p p l i e d  for  bonding t h e  second s e c t i o n  o f  
over lapped  s i n g l e  p l y  Nicalon f a b r i c s .  A p o r t i o n  
of  t h e  adhes ive  bonded s e c t i o n  a d j a c e n t  t o  t h e  
s t i t c h e d  s e c t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  3-46. 
F i n a l l y ,  a l l  edges of  t h e  s i n g l e  p l y  Nica lon  f a b r i c  
w e r e  masked, coated and trimmed, F i g u r e  3-47. The 
n e a r l y  completed gore  assembly i s  shown i n  F i g u r e  3-48. 
C h a r a c t e r i z a t i o n .  Measurements w e r e  made on r ep resen -  
t a t i v e  heat c l eaned  samples of ICAS u n i t s  and t h e  
r e s u l t s  are p resen ted  i n  Table  3-2 .  Except for t h e  
desirable  h i g h e r  p i c k  count  As t roqua r t z  f ab r i c ,  
d i s c u s s e d  p r e v i o u s l y ,  and t h e  h ighe r  p i c k  count  of t h e  
Nicalon r i b ,  t h e  t a r g e t  f a b r i c  c h a r a c t e r i s t i c s  w e r e  
achieved.  There w a s  concern t h a t  unusual  hand l ing  
might  damage t h e  assembly so no a t t empt  was made t o  
weigh t h e  completed u n i t  on t h e  d e v i c e s  a v a i l a b l e  i n  
t h e  p l a n t .  However, based on v a r i o u s  measured samples 
produced d u r i n g  t h e  program, t h e  f i n i s h e d  a r t i c l e  
weight  w a s  e s t ima ted  a t  6.8 kb (15 l b s ) ,  a va lue  
b e l i e v e d  t o  be reasonably  a c c u r a t e .  
Theoret ical  a rea l  we igh t s  o f  b o t h  segments of ICAS 
w e r e  c a l c u l a t e d  on t h e  b a s i s  of yarn  y i e l d s  and f a b r i c  
c o n s t r u c t i o n .  These agreed q u i t e  c l o s e l y  
w i t h  a c t u a l  v a l u e s  measured on l a r g e  sample segments.  
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FIRST SECTION OF STITCH-BONDED SINGLE PLY FABRIC 
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FIGURE 3-47 
TRIMMED, COATED EDGE OF SINGLE PLY FABRIC 
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FIGURE 3-48 
GORE ASSEMBLY, NEARLY COMPLETED 
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Table 3-2 
CHARACTERISTICS AND DIMENSIONS OF ICAS FABRIC 
FLUTED CORE SEGMENT 
F A B R I C  Y A R N  C O U N T  M E A S U R E D  V A L U E S  
( W A R P  X F I L L )  
ASTROOUARTZ FACE 
E N D S l c m  X P l C K S l c m  
E N D S l i n c h  X P l C K S l i n c n  
E N D S l c m  X P l C K S l c m  
E N D S l i n c h  X P I C K S l l n c 9  
E N D S l c m  X P I C K S l c m  
E N D S 1  i n c h  X P I C K S l l n c h  
NICALON R’IBS 
NICALON FACE 
FABRIC FACE THICKNESS 
ASTROOUARTZ FACE 
cm 
Inches 
NICALON RIB 
cm 
inches 
NICALON FACE 
cm 
inches 
FLUTE HEIGHl (OR CELL HEIGHT) 
cm 
inches 
GROUND WIDTH 
cm 
incnes 
EACH SELVAGE. TOP FACE 
cm 
Inches 
EACH SELVAGE, BOTTOM FACE 
cm 
A -  inches 
1 
9.4 X 10.6 
24.0 X 27.0 
6.3 X 7.9 
16.0 X 20.0 
6.3 X 9.4 
16.0 X 24.0 
0.025 
0.010 
0,036 
0.0 14 
0.038 
0.0 15 
1.27 
0.5 
71.1 
28.0 
2.54 
1 0  
5.08 
.LIP 5 E . V A b t  2 0  
, l ” P  001” LOGES)  
\ 
TOP F A Z E  
Tl( tC*NESS 
SINGLE PLY SEGMENT (NICALON) 
FABRIC YARN COUNT 
(WARP X FILL) 
ENDSlcm X PICKSlcm 6.3 X 8.7 
ENDSlinch X P lCKSl inch  16.0 X 22.0 
FABRIC THICKNESS 
cm 0.036 
inches’ 0.0 14 
TOTAL WIDTH INCLUDING SELVAGE 
cm 76.2 
inches 30.0 
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Table 3-3 l i s ts  t h e s e  r e s u l t s ,  and a lso i n c l u d e s  
in fo rma t ion  u s e f u l  f o r  e s t i m a t i n g  t h e  t o t a l  weight  o f  
a s sembl i e s  where dimensions a r e  known. 
3 . 2 . 9 . 2  Q u a l i t a t i v e  judgements were made on f l e x i b i l i t y  o f  t h e  
T A B I  f a b r i c  used t o  produce t h e  two-gore assembly. 
A s  expec ted ,  f l e x i b i l i t y  o f  i n s u l a t i o n - f i l l e d  c o r e  i n  
the d i r e c t i o n  where f l u t e s  remain e s s e n t i a l l y  s t r a i g h t  
and p a r a l l e l  t o  each  o t h e r ,  F i g u r e  3-49, ( A ) ,  i s  
c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  o f  core where t h e  
f l u t e s  are  curved ,  ( B )  . The i n s u l a t e d  f l u t e d  core 
segment of t h e  I t e m  2 ICAS could be curved t o  a 
minimum r a d i u s  o f  approximately 0 .38  meters (1.25 
fee t )  i n  t h e  (A) d i r e c t i o n ,  and about  1 . 2  meters 
( 4  f e e t )  i n  ( B ) .  A f t e r  assembling t h e  t w o  g o r e s ,  t h e  
j o i n t  between gores  and t h e  c losed-out  non-mating 
edges r e s t r i c t e d  t h e  f l e x i b i l i t y  i n  t h e  ( A )  d i r e c t i o n .  
For example, t h e  TABI assembly w i t h  an o r i g i n a l  
r a d i u s  o f  n e a r l y  1 .5  meters (5 feet)  cou ld  o n l y  be 
expec ted  t o  ach ieve  a r a d i u s  o f  approximate ly  0 . 9  
meters ( 3  feet)  wi thou t  v i s i b l e  damage t o  t h e  j o i n t  
s t i t c h i n g .  I n  t h e  ( B )  d i r e c t i o n ,  t h e  material  could  
n o t  be a p p r e c i a b l y  f l e x e d  beyond i t s  fabricated 
con tour  w i t h o u t  r i s k i n g  damage t o  t h e  f a b r i c  f a c e s  
and i n s u l a t i o n .  Each of t h e  j o i n e d  g o r e s ,  however, 
could  be hinged about  t h e  t a d p o l e  t o  t h e  e x t e n t  t h a t  
t h e  non-mating edges w e r e  n e a r l y  touch ing  each 
o t h e r ,  F i g u r e  3-50. The l a r g e r  t h e  r a d i u s  o f  t h e  
c u r v a t u r e ,  t h e  g r e a t e r  t h e  r e s u l t i n g  hinge e f f e c t .  
The f l e x i b i l i t y  c h a r a c t e r i s t i c s  and hinge a c t i o n  w i l l  
u l t i m a t e l y  have a b e a r i n g  on t h e  d e s i g n  o f  hardware. 
3.2.10 Shipping.  A f t e r  complet ion,  t h e  two-gore assembly w a s  
wrapped w i t h  p o l y e t h y l e n e  film. The a s s e m b l y  w a s  placed 
i n  a wood c r a t e ,  p r o t e c t e d  w i t h  a generous q u a n t i t y  o f  
cush ion ing ,  sealed and sh ipped  t o  NASA Ames Research 
Cen te r .  
3 .2 .11 H e a l t h  and S a f e t y .  During t h e  program, p r e c a u t i o n s  w e r e  
t aken  t o  minimize h e a l t h  r i s k s  p r e s e n t e d  by hand l ing  o f  
the  materials involved .  P o t e n t i a l  problems i n  s c a l i n g  
up t o  l a r g e r  a s sembl i e s  w e r e  also cons ide red .  O f  a l l  
t h e  mater ia ls ,  Nicalon and Q-Fiber F e l t  r e q u i r e d  t h e  
m o s t  a t t e n t i o n ;  N i c a l o n  because o f  i t s  h igh  modulus 
and f r a g i l i t y ,  Q-Fiber  F e l t  because o f  i t s  s m a l l  f i l a m e n t  
d i ame te r  f i b e r s .  When working w i t h  s i l i c o n  c a r b i d e  
yarns  and f a b r i c s ,  e s p e c i a l l y  a f t e r  heat  c l e a n i n g  
almost  any c o n t a c t  by t h e  hands,  or o t h e r  s k i n  area,  
r e s u l t e d  i n  p e n e t r a t i o n  of i r r i t a t i n g  s l i v e r s .  I t  was 
impor t an t  f o r  o p e r a t o r s  t o  avoid rubbing  o the r  a r e a s  
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Table 3-3 
WEIGHT MEASUREMENTS 
FOR ESTIMATING FABRICATED ASSEMBLY WEIGHTS 
THEORETICAL ACTUAL 
FLUTED CORE SEGMENT OF ICAS 
NICALON FACE a RIBS a 
ASTROQUARTZ FACE (HEAT CLEANED) 
kgslsq meter 
ozlsq yd 
1.10 
32.45 
1.1 1 
32.67 
SINGLE PLY NICALON SEGMENT OF 
ICAS (HEAT CLEANED) 
kgslsq meter 
oz/sq yd 
Q-FIBER FELT INSULATION 
(112' NOMINAL THICKNESS) 
kgslsq meter 
oz/sq yd 
TADPOLE INSULATION 
NICALON SHROUD WITH NICALON 
BRAID a Q-FIBER FELT CORE. 
(HEAT CLEANED) 
k g s l  lineal meter 
oz/lineal yd 
RTV SILICONE, 0.038 cm (0.015 inch)thick 
kgslsq meter 
O Z / S Q  yd 
0.3 15 
9.29 
1.22 
36.0 
0.0 5 94 
2.07 
0.54 
15.95 
0.322 
9.4 9 
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INSULATED 
ICAS SEGMENT 
(A) CURVATURE WITH FLUTES 
REMAINING STRAIGHT AND 
PARALLEL (B) CURVATURE IN FLUTE DIRECTION 
Figure 3-49 
FLEXIBILITY OF INSULATED FLUTED CORE FABRIC 
11 2 
\ \ \  \ >  
Figure 3-50 
HINGED ACTION OF JOINED GORES 
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3.2.11.1 
4.0 
4.1 
of t h e i r  bod ie s ,  e s p e c i a l l y  t h e i r  eyes .  N i t r i l e  
rubber  g loves  were worn by o p e r a t o r s  d u r i n g  a l l  
p r o c e s s  s t e p s  t h a t  r e q u i r e d  c o n t a c t  w i t h  t h e  Nica lon ,  
from y a r n  p r e p a r a t i o n  t o  packaging for  sh ipp ing .  
P r o t e c t i v e  s l e e v e s  w e r e  worn t o  p r o t e c t  b a r e  arms 
f r o m  exposure.  T h e  p r e c a u t i o n s  t aken  g r e a t l y  minimized 
t h e  p o t e n t i a l  h e a l t h  hazards  o f  hand l ing  s i l i c o n  
c a r b i d e  f i b e r s .  Personnel  involved w i t h  subsequent  
hand l ing  and f a b r i c a t i n g  should be aware of t h i s  hazard.  
When producing l a r g e r  a s sembl i e s ,  it may be necessa ry  
t o  p rov ide  e x t e n s i v e  p r o t e c t i o n  by cove r ing  most o f  
t he  o p e r a t o r s '  bodies .  During sewing, f o r  example, 
pe r sonne l  would be working i n  close proximi ty  t o  
many Nicalon s u r f a c e s .  I t  may be desirable ,  i f  t h e  
a p p l i c a t i o n  p e r m i t s ,  t o  app ly  a p r o t e c t i v e  c o a t i n g  t o  
t h e  s i l i c o n  c a r b i d e  f a b r i c s .  
The t w o  o p e r a t i o n s  o f  m o s t  concern i n v o l v i n g  Q-Fiber  
F e l t  w e r e  c u t t i n g  i n s u l a t i o n  p a n e l s  i n t o  mandre ls ,  and 
i n s e r t i n g  mandrels i n t o  t h e  f l u t e s ,  b o t h  o f  which 
c r e a t e d  d u s t  o f  s h o r t ,  s m a l l  d i ame te r  f i l a m e n t s .  The 
p r e c a u t i o n s  f o r  these o p e r a t i o n s  invo lve  us ing  a vacuum. 
system on  t h e  c u t t i n g  equipment and r e q u i r i n g  t h e  
o p e r a t o r s  t o  wear adequate  d u s t  r e s p i r a t o r s .  While no 
d i f f i c u l t i e s  w e r e  encountered w i t h  As t roqua r t z  i n  t h i s  
program, it should  be recognized t h a t  some pe r sonne l  
are s u s c e p t i b l e  t o  s k i n  r a s h e s .  These can  o f t e n  be 
prevented  by wear ing  p r o t e c t i v e  c l o t h i n g .  U s e  o f  t h e  
s m a l l  q u a n t i t i e s  o f  t o l u e n e  t o  t h i n  t h e  RTV r e q u i r e d  
a w e l l  v e n t i l a t e d  a r e a  free of i g n i t i o n  sources  and 
p resen ted  no problem. Material S a f e t y  Data S h e e t s  
s u p p l i e d  by t h e  manufac turers  are inc luded  i n  t h e  
appendices .  
SUMMARY AND CONCLUSIONS 
There w e r e  no major problems i n  producing t h e  f o r t y  
I t e m  1 TAB1 p a n e l s  prepared  from Nicalon woven f l u t e d  
core. U s e  of rayon-served Nicalon yarn  f o r  f i l l i n g  w a s  
found t o  be unnecessary and t h i s  f a c i l i t a t e d  t h e  
p roduc t ion  o f  more t i g h t l y  woven f l u t e d  core f a b r i c .  
A method was developed f o r  bonding t w o  l a y e r s  of Q-Fiber  
F e l t  t o  p rov ide  i n s u l a t i o n  p a n e l s  of t h e  p rope r  t h i c k -  
nes s  and d e n s i t y .  Unfo r tuna te ly ,  many mandrels c u t  
from the  p a n e l s  s e p a r a t e d  a t  t h e  bond d u r i n g  i n s e r t i o n  
i n t o  t h e  core f l u t e s .  A procedure f o r  r i g i d i z i n g  t h e  
f l u t e d  core t o  reduce t h e  i n s e r t i o n  t i m e  of i n s u l a t i o n  
mandrels w a s  e f f e c t i v e .  I n s u l a t e d  p a n e l s  w e r e  h e a t  
c l eaned  a t  a d i f f e r e n t  t ime-temperature  c y c l e  t h a n  i n  
p rev ious  programs t o  reduce  t h e  l e v e l  o f  smoke gene ra t ed .  
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4.1.1 The i n s u l a t e d  f l u t e d  core segments o f  t w o  ICAS 
l e n g t h s  w e r e  c u t  i n t o  gores  and assembled i n t o  a 
s p h e r i c a l  shape i n c o r p o r a t i n g  a t a d p o l e  j o i n t .  The 
I C A S  f l u t e d  core segment c o n s i s t e d  o f  a Nicalon t o p  
f a c e  and r i b ,  and an As t roqua r t z  bottom f a c e .  The 
s i n g l e  p l y  segment w a s  woven from Nicalon.  
were developed t o  p r e p a r e  t h e  gores  fo r  assembly, t o  
s e w  t h e  f a b r i c  l a y e r s  o f  t h e  j o i n t  t o g e t h e r  w i t h  se rved  
A s t r o q u a r t z  t h read ,and  t o  coat t h e  As t roqua r t z  f a b r i c  
w i t h  RTV s i l i c o n e  rubber .  
problems on t h e  loom, t h e  f l u t e d  c o r e  segment wove 
ve ry  w e l l .  The As t roqua r t z  f a c e  f a b r i c  w a s  woven more 
t i g h t l y  t h a n  planned t o  reduce p o r o s i t y .  A sa t i s -  
f a c t o r y  t r a n s i t i o n  zone between t h e  f l u t e d  core and 
s i n g l e  p l y  segments w a s  des igned  and i n c o r p o r a t e d .  
Development inc luded  an e f f o r t  t o  b r a i d  a Nica lon  
tube around Q-Fiber F e l t ,  encase  t h e  b r a i d  i n  a s i l i c o n  
c a r b i d e  f a b r i c  shroud a t t a c h e d  t o  t h e  mating g o r e s ,  
and s t i t c h  t h e  t a i l s  of t h e  f a b r i c  t o g e t h e r .  The 
s t i t c h i n g  w a s  accomplished w i t h  a modif ied i n d u s t r i a l  
sewing machine. 
a d e s i r a b l e  hinge a c t i o n .  
sewing t h r e a d  reduced i t s  s t r e n g t h  c o n s i d e r a b l y  b u t  
no t  s u f f i c i e n t l y  t o  cause  s e p a r a t i o n  a t  t h e  j o i n t s .  
S e v e r a l  methods f o r  c o a t i n g  w i t h  RTV were i n v e s t i g a t e d ,  
and b rush ing  proved t h e  m o s t  e f f e c t i v e .  A t h i r d  o f  
t h e  o v e r l a p p i n g  l e n g t h  o f  s i n g l e  p l y  Nicalon f a b r i c s  
w a s  j o i n e d  t o g e t h e r  by s t i t c h i n g ,  a t h i r d  by bonding 
w i t h  RTV, and t h e  f i n a l  t h i r d  l e f t  unbonded. Both 
i t e m s  of t h e  e f f o r t  were c h a r a c t e r i z e d .  
f a b r i c ,  i n s u l a t i n g  t h e  f l u t e s  t o  form T A B I ,  and j o i n i n g  
gores  t o  form contoured shapes  appears  t o  be f e a s i b l e .  
The program t o  achieve  t h e  o b j e c t i v e s  o f  b o t h  i t e m s  was 
s u c c e s s f u l .  
Procedures  
A f t e r  s o l v i n g  mechanical  
The r e s u l t i n g  t a d p o l e  j o i n t  e x h i b i t e d  
Heat c l e a n i n g  t h e  As t roqua r t z  
Weaving ICAS 
5 .0  
5.1 
RECOMMENDATIONS 
Recommendations t o  be cons ide red  f o r  f u t u r e  e f f o r t s  
are as fo l lows :  
I f  f u t u r e  T A B I  p a n e l s  are t o  be made w i t h  f l u t e  h e i g h t s  
r e q u i r i n g  m u l t i p l e  p l i e s  of Q-Fiber F e l t ,  an e f f o r t  
should be made t o  develop  an improved method for  bonding 
t h e  l a y e r s .  Some m o d i f i c a t i o n  of t h e  technique  a l r e a d y  
developed may be s u c c e s s f u l .  
(1) 
( 2 )  A d d i t i o n a l  e f f o r t s  t o  deve lop  and improve assembl ies  
w i t h  t a d p o l e  j o i n t s  should  i n c l u d e  t h e  fo l lowing:  
1) I n v e s t i g a t e  a l t e r n a t e  methods f o r  f a b r i c a t i n g  t h e  
j o i n t s .  For example, some advantages may be gained by 
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preassembl ing  t h e  t a d p o l e  b e f o r e  sewing t h e  j o i n t .  
Using a b i a s  f a b r i c  shroud f o r  t h e  b r a i d  t o  improve 
f l e x i b i l i t y  should  be eva lua ted .  
2 )  R i g i d i z i n g  f l u t e d  core f a b r i c  p r i o r  t o  i n s e r t i n g  
i n s u l a t i o n  mandrels w a s  b e n e f i c i a l  t o  t h i s  o p e r a t i o n .  
However, t h i s  r e s i n  t r e a t m e n t  r e s u l t e d  i n  g r e a t e r  
d i f f i c u l t y  when removing r i b s  from t h e  j o i n i n g  a r e a s  
of t he  go res .  R i g i d i z i n g  t h e  c o r e  o n l y  i n  areas t o  
be f i l l e d  w i t h  i n s u l a t i o n  should be a t tempted .  
3 )  Because of  t h e  d e t e r i o r a t i o n  of h e a t  c l eaned  As t roqua r t z  
sewing t h r e a d ,  o the r  m a t e r i a l s  and procedures  should  be 
i n v e s t i g a t e d .  A heav ie r  As t roqua r t z  t h r e a d  may be 
adequate  and should be e v a l u a t e d ,  as should  o t h e r  h igh  
t empera tu re  ceramic c a n d i d a t e s .  I f  a s m a l l  amount o f  
h igh  the rma l  c o n d u c t i v i t y  m a t e r i a l  i s  p e r m i s s i b l e ,  
metal  t h r e a d  should  be cons ide red .  S t a i n l e s s  s t ee l ,  o r  
o t h e r  h igh  tempera ture  metal  sewing t h r e a d ,  would 
p rov ide  s t r o n g e r ,  more a b r a s i o n  r e s i s t a n t  s t i t c h i n g  
f o r  t h e  j o i n t s .  Conceivably new ceramic ya rns  now 
under development may also become a v a i l a b l e  f o r  
e v a l u a t i o n  as sewing t h r e a d .  
4 )  While t h e  modif ied sewing machine used i n  the program 
w a s  a b l e  t o  s t i t c h  m o s t  o f  t h e  requi rements ,  
a c c e s s i b i l i t y  t o  a l l  p a r t s  of t h e  seam l i n e s  w a s  
imposs ib l e  because o f  t h e  u n i t  s remaining p r o t r u s i o n s  
and p h y s i c a l  s i z e .  A f u t u r e  program should  i n c l u d e  t h e  
s e a r c h  f o r  a more s u i t a b l e  machine. 
5 )  The b rush  c o a t i n g  p rocess  f o r  app ly ing  RTV w a s  e f f e c t i v e ,  
b u t  t e d i o u s .  Other  s i l i c o n e  rubber  mater ia ls  should be 
e v a l u a t e d  as should  p o t e n t i a l l y  fas te r  a p p l i c a t i o n  
methods. 
6 )  Although t h e  i n s u l a t i o n  mandrel i n s e r t i o n  ra te  w a s  
i n c r e a s e d ,  c o n s i d e r a b l y  m o r e  improvement i s  necessa ry .  
A program should  be cons ide red  t o  develop  unders ized  
mandrels  t h a t  can  be i n s e r t e d  i n t o  f l u t e s  w i t h  a 
minimum of r e s i s t a n c e  caused by f r i c t i o n  o r  t i g h t  ends.  
The mandrels should be capab le  of expanding t o  f i l l  
t h e  f l u t e s  when h e a t  t r e a t e d .  O t h e r  methods f o r  f i l l i n g  
f l u t e s  w i t h  i n s u l a t i o n  should a l so  be cons ide red .  
7 )  Cons ide ra t ion  should  be g iven  t o  a program t h a t  
addres ses  t h e  stowage requi rements  of t h e  p o t e n t i a l  
end a p p l i c a t i o n s .  Design and f e a s i b i l i t y  s t u d i e s  
should  be made on methods t o  provide  compaction o f  
T A B I .  This  would probably i n c l u d e  deve lop ing  t echn iques  
t o  f o r m  d i f f e r e n t  t y p e s  - of j o i n t s ,  o r  by o t h e r  means, t o  
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a l low t h e  assembly t o  be packaged i n t o  a r e l a t i v e l y  
small  space ,  and t h e n  expanded t o  i t s  f i n a l  shape upon 
demand. I t  i s  conce ivab le  t h a t  j o i n t s ,  or o t h e r  
connec t ing  means, may be r e q u i r e d  t o  pe rmi t  TAB1 
p a n e l s  t o  be fo lded  acco rd ian  s t y l e .  J o i n t s  normal t o  
t h e  f l u t e s  may a l so  be r e q u i r e d .  A program o f  t h i s  
t ype  would probably be o f  s i g n i f i c a n t  magnitude, and 
would undoubtedly invo lve  c o o r d i n a t i o n  w i t h  those 
involved  i n  t h e  development o f  t h e  expanding mechanisms. 
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Data Shee t  f o r  RTV 560 S i l i c o n e  Rubber Compound. 
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Manufac turer ' s  L i t e r a t u r e  and Material S a f e t y  Data 
Shee t  f o r  Nicalon.  
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New Product 
Information 
DESCRIPTION 
NICALON' fiber is a new type of silicon 
carbide fiber manufactured through a 
polymer pyrolysis process by Nippon 
Carbon Co.. Ltd., of Japan. It is 
homogeneously composed of ultrafine 
13 -Sic crystals with excess carbon. The 
fiber has excellent strength and 
modulus properties. It retains its proper- 
ties at high temperatures. NICALON 
fiber is highly resistant to oxidation and 
chemical attack. The fiber is readily wet 
by organic resins and metals. 
USES 
NICALON fiber can be used as a 
reinforcement for plastic, metal and 
ceramic matrices to form high perform- 
ance composite materials. It can also be 
used to form fibrous products such as 
high temperature insulation. belting, 
curtains, gaskets, etc. Its resistance to 
chemical attack allows it to be used in 
highly corrosive environments. 
NICALON 's a registered trademark of Nippon 
Carbon Co . Lld , Japan 
3 
NICALON3 SILICON CARBIDE FIBERS 
Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Silicon carbide 
Physical Form. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fiber 
Primary Uses.. . . . . . . . . . . . . . . . . . . . . . . . . .  Reinforcement for plastic. metal or ceramic 
matrices. to form fibrous material 
NOMINAL PROPERTIES OF NICALON FIBER 
These values are not intended for use in preparing specifications. 
Filament Diameter . . . . . . . . . . . . . . . . . . . .  
Cross Section. . . . . . . . . . . . . . . . . . . . . . . . .  
Fi1aments:Tow.. . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tensile Strength. 
Tensile Modulus. . . . . . . . . . . . . . . . . . . . . . .  
Strain to Failure. . . . . . . . . . . . . . . . . . . . . . .  
Thermal Conductivity 
Specific Resistivity. . 
Coefficient of Thermal Expansion . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  10-20pm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Round 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  500 
200 tex . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . .  0.092-0.094 Ib in' (2.55-2.56 g cm') 
. . . . .  360-470 ksi (250-330 kg,mm2) 
. . . . . . . . . . . . . . . . . . . . . .  1 536 Average 
26-29 v 10.' ksi (18-20 - 10' kg,mm') 
10 Kcal mhr :C (Along fiber axis ((1 RT) 
. . . . . . . . . . . . . . . . . . . . . .  -1O'ohm cm 
3.1 x 10' -C (Along fiber axis. 0-2OO'C) 
Specification Writers: Please contact Dow Corning Corporation, Midland, 
Michigan, before writing specifications on this product. 
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Plastic Matrix Composites 
NICALON fiber may be utilized to 
reinforce plastic matrix materials. The 
fiber is nonelectrically conductive so 
corrosion of metals is not enhanced 
when in contact with its composites nor 
should electrical grounding problems 
arise from free fibers. NICALON fiber! 
compressive, impact and interlaminar 
sheer strength and thermal expansion 
epoxy composites. The unique electrical 
propertiesof NICALON fiber may lead to 
specialized aerospace applications. 
The oxidation resistance of NICALON 
fiber makes it a candidate for high 
temperature plastic composites. (See . 
Tables 2 and 3.) 
Metal Matrix Composites 
NICALON fiber is an excellent choice as 
a reinforcement for metal matrix 
composites. The fiber is readily wet by 
metals. The fiber can easily be woven 
into cloth and preformed shapes. This 
allows composite design and manu- 
facturing methods to be tailored to best 
suit potential applications. NICALON 
fiber's good specific strength and 
modulus. and the retention of these 
properties as high temperatures, result 
in improved metal composite properties. 
Since the fiber is nonelectrically 
conductive it does not enhance metal 
corrosion. NICALON chopped fiber 
used as discontinuous reinforcement for 
metals could enable composites to be 
postformed by conventional metal- 
working techniques. (See Table 4.) 
epoxy composites show improved 
. compatibility over common graphite: 
TABLE 2: TYPICAL PROPERTIES OF NICALON FIBER, EPOXY 
RESIN COMPOSITES' 
~~ ~ ~~~ ~~ ~~ ~~~ ~~~ ~ 
Tensile Strength(00) ~ 215 ksi (150 kg;mmi) 
Tensile Modulus . . .  
Flexural Strength (0'). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  285 ksi (200 kg.mm2) 
Flexural Modulus. . . .  . . . . .  . 17.1 x lo3 ksi (12x lo3 kg mmz) 
Compressive Strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  257 ksi (180 kg,mmz) 
Interlaminar Shear Stren . . . . .  17.1 ksi (12 kg.mmz) 
Charpy Impact Strength 50 Ib-in in2 (260 kg-m mm') 
Coefficient of Thermal Expansion, 
(0") . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.6 10' ^ C 
. . . .  . . .  . . .  20 1 toi-c 
Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.073 Ib in' (2.0 9 cm') 
ksi (1 3 x 10' kg, mm2) 
'Shell DX 210 epoxy. 60 v o fiber 
TABLE 3: TYPICAL NICALON 8 HARNESS SATIN: POLYIMIDE 
COMPOSITE PROPERTIES 
SHELL OX 270 EPOXY POLYIMIDE 
Fiber Volume Fraction, %. . . . . . . . . . . . .  45 45 
Density. g. cc . . . . . . . . . . . . . . . . . . . . . . . .  1 80 1 85 
Tensile Strength, kg mm2 . . . . . . . . . . . . .  57 52 
Flexural Strength. kg/mmz . . . . . . . . . . . .  95 92 
I.L.S.S., kg mm'. . . . . . . . . . . . . . . . . . . . .  6.7 5.6 
TABLE 4: TYPICAL PROPERTIES OF NICALON FIBER:UNIDIRECTIONALLY 
REINFORCED 1100 ALUMINUM COMPOSITES (Vf= 35%) 
Tensile Modulus (0')"' . . . . . . . . . . . . . . . . . .  14 - 16 A 10' ksi (1 0 -1 1 10' kg mm;) 
. . . . . . . .  114-129 ksi (80-90 kg mm;) 
10-11 ksi (7-8 kg mm-) 
Flexural Fatigue Strength (1 0' cycle) . . . . . . . . . . . . . . . . . . . . . . .  57 ksi (40 kg mm.) 
(00) 3.2 ' 10' c 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 10' C 
. . . . . . . . . . . .  0.095 Ib in' (2.6 g cm') 
Poisson Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I) 18 
" Fiber axis direction. 
Tensile Strength 
. . . . . . . . . . . . . .  
Flexural Strengthi3' . . . . . . . . . . . . . . . . . . . . . . . . . .  1434-157 ksi (100-1 10 kg mm2) 
Coefficient of Thermal Expansioni"' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
"Three-point method 
"212-392 F (100-200 C) Perpendicular direction 10 fiber axis 
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GRAPH 1 : TENSILE STRENGTH OF NICALON FIBER 
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Ceramic Matrix Composites 
NICALON silicon carbide fiber should be 
considered as a reinforcement for 
ceramic matrices Its combination of 
high strength high modulus low 
density oxidation resistance chemical 
resistance and retention of properties a! 
high temperatures make it ideal tor 
ceramic composites to be used in 
severe environments 
Present work in NICALON fiber glass 
composites has shown encouraging 
results NICALON fiber could potentially 
be used to form oxidation resistant 
composites (See Table 1 ) 
GRAPH 2: TENSILE STRENGTH OF NICALON FIEER AFTER 
HEAT TREATMENT 
Q -
0 5  1 5 10 100 1000 
Heal Treatment Time (Hour) 
Tested at RT 
500 
400 
300 
.- m 
X 
200 
100 
TABLE 1 : PROPERTIES OF 50 VOL '10 NICALON FIBER REINFORCED LITHIUM 
ALUMINUM SILICATE (LAS) COMPOSITES 
~~~ 
Properfy 0 0- 90 
Density (g cm :) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 2.5 
Flexural Strength (MPa) 
RT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  380 600 
41 0 800 C (1 472 F) . . . . . . . . . . . . . . . . . . . . . . . . . .  800 
1OOO'C (1832 F). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  850 480 
Fracture Toughness - KIC(MN m . )  
17 10 
25 12 
RT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1000 C (1832 F ) .  . . . . . . . . . . . . . . . . . . . . . . . .  
Thermal Expansion (10' C j . . . . . . . . . . . . . . .  2.2 i . 6  (90 j 
Thermal Conductivity 
(cal sec' cm -C ) . . . . . . . . . . . . . . . . . . . . .  3 5 .  10 3 5 . 1 0  
(W m K ' )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.465 1.465 
Source Kari N Prehz J o V  J Brelna- .! Ma! Sc, XV i i  (19E2, 2371-2362 
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IMPORTANT INFORMATION ON 
STORAGE AND HANDLING 
NICALON fiber products have indefinite 
shelf life. 
Handling (Caution) 
No special precautions need to be taken 
when handling NICALON fiber products 
other than those normally associated 
with inorganic fibers Gloves and safety 
glasses are recommended 
PACKAGING 
NICALON fiber is available as 
continuous yarn wound on bobbins 
Each bobbin holds a minimum of 0 1 kg 
of fiber All NICALON fiber products are 
shipped in cardboard containers with 
appropriate packing 
PRODUCT AVAILABILITY 
NICALON silicon carbide fiber products 
are presently available through 
Dow Corning Corporation Continuous 
fiber chopped fiber and woven goods 
are available 
ORDERING 
For information. please contact. 
Michael Ladenburger 
Product Market Supervisor 
Dow Corning Corporation 
Midland. MI 48686-0995 
(517) 496-4814 
USERSPLEASEREAD 
The information and data contained 
herein are believed to be accurate and 
reliable; however, it is the user's 
responsibility to determine suitability of 
use. Since Dow Corning cannot know 
all of the uses to which its products may 
be put or the conditions of use, it makes 
no warranties concerning the fitness or 
suitability of its products for a particular 
use or purpose. 
You should thoroughly test any 
proposed use of our products and 
independently conclude satisfactory 
performance in your application. 
Likewise, if the manner in which our 
products are used requires govern- 
mental approval or clearance. you must 
obtain it. 
Dow Corning warrants only that its 
products will meet its specifications. 
There is no warranty of merchantability 
or fitness for use, nor any other express 
or implied warranty. The user's 
exclusive remedy and Dow Corning's 
sole liability is limited to refund of the 
purchase price or replacement of any 
product shown to be otherwise than as 
warranted. Dow Corning will not be 
liable for incidental or consequential 
damages of any kind. 
Suggestions of uses should not be 
taken as inducements to infringe any 
patents. 
DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 48640-0994 
Dow Cornma IS a tea srered Iraaernark of Dow CornPo Corporation 
~~ 
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I n s p e c t i o n  S h e e t  of S I C  F i b e r  " N I C A L O N "  
To Messrs. Dow Corning Corporation 
1 .  
2. 
3. 
4. 
5. 
6 .  
7. 
8 .  
9. 
Product identi f icat ion: Ceramic Grade N L P - 2 0 1 
Puant i ty: 100 K g  
Date of manufacture: 
Date of shipment: May. 1985 
PO number: 38082 
NCK invoice number: - 
Lot number: 021B 0 2 2  022B 029B 030 03 1 
Spoo I number: 5021 58 502969 502 175 502245 502554 502762 
-502174 L503094 '-502244 -502553 -502761 -502968 
Jan. Apt. 1985 
503095 
-503 157 
Specification: 
F i  lamentslyarn : 500 
Length of yarn : 500m 
Dens i t y  : 2.55g/cm3 
Weigth percent of sizing resin : 1.5k0.5 % 
~~ 
1 0. Test data: 
Test i den t i f i ca t i on ' \  Lot No. 0218 " 022 022B 0296 030 031 
Tex count (g r/ 1 OOOm) 219 210 200 206 210 208 
Tens i I e Streng tht (ks  i ) 399 m a  382 433 432 423 
(kg/mm2) 281 280 269 305 304 298 
Tensile Modulus# (XI000 ksi) 29.2 28.5 29.2 28.2 28.8 29.7 
(X1000 kg/mm2) 20.5 20.0 20.5 19.8 20.2 20.8 
Oxygen Content (%) 12.0 11.9 13.0 9.8 10.5 9.7 
t by resin impregnated strand method (J I S  R 7601 ASTM D 2344, AMs 3892) 
N i p p o n  C a r b o n  C o . ,  L t d .  Y o k o h a m a  P l a n t  
N I C A L O N  P r o d u c t s  
by -7 / & Y - L p 4 &  
T. K o b a y a % h i  Manager 
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I n s p e c t i o n  S h e e t  of  S i c  F i b e r  " N I C A L O K "  
, 
I 
9 .  Specif i c a t i m :  
- - 
Fi  iaments/yarn : 500 
Len::tli o f  yarn  : 530ill 
Dens i ty : 2.55g/ciii3 
Weigth percent c;f s i z ing  res in  : 1.520.5:; 
1 0 .  Test dstn: 
Test i d e i i t i f i c a t i o n  \ Lot KO. 017 . 0!99 G22 
Tes count (:,r/iOOCic) 207 218 208 
Tens i I e S trezgtii:k(hs i ) 441 403 390, 
(I\-g/inn2) 313 254 289 
Te:is i I tl h!l: I ust ( X 1000 hs i ) 28.2 27.9 2z.2 
( x  1000 !...g!K!2) 19.8 12.6 lS.8 
Osyge:: Content (%) 11.4 10.5 11.9 
N i p p o n  C a r b o n  C o . ,  L t d .  Y o k o h a m r t  P l a r l t  
N I C A L O X  P r o e i u c t , ~  
ORIGINAI: PAGE IS 
OF POOR QUALITY 
HITCO 
NOVEN STEUCTUEES DIV 
618 W CAE05 ST 
CCMPTON, CA 9022G 
DO W COKH I K G CORP 0 i?>. T IO N 
MATERIAL SAFETY DATA SKEET 
KATL NAME: NICALONCR) CONTINUOUS FIBER P 
EKERGEKCY TELEFHONE KO. (517) 496-5500 ................................................................................ 
SECTION I - GEt:ERAL IKFOEYATIOt: ................................................................................ 
KAKUFACTURERS RAKE: DON COFNING CORPORATIOK 
ADDRESS: SOUTH SAGINAK ROAD, KIDLAND K J  48686 
PROPER SHIPPING KAKE(49CFK 172.101): N3KE 
D.O.T. HAZAKD NAME(49CFR 172.1011: N O H E  
D.O.T. ID R3(49CFE 172.101): NO:;E 
D.O.T. HAZARD CLASSC49CFR 1 7 2 . 1 C 1 ) :  t;C!:E 
RCRC, HAZAED CLASS(40CFR 261)CIF DISCAECED): KOKE 
E . P . A .  PRIOEITY POLLUTAGTS(4DCFR 122.53): KOt :E 
NFPA = NATJOKAL FIRE PROTECTION ASSOCIATION - 704 
HEALTH (NFPA): 1 FLAKMASILITY (KFPA): G REACTIVITY (KFTX) : 0 
2115 KS! AETICLE G0;1 CORKitiG W A R Y I N G  C!??E: N 3 f ; L '  
GENERIC DESCRIPTION: SILICON CARbIDE ................................................................................ 
SECTION I1 - HAZARDOUS IKGXEDIENT ................................................................................ 
NOKE PRESEtiT x TLV (UNITS): 
ONLY THOSE INGREDIENTS LISTED IN THIS SECTIOt4 HAVE BEEN DETERKIRED TO EE KAZARDCC:S 
AS DEFINED IN 29 CFR 1910.1200. At; INGREDIENT MARKED L!ITK AN ASTEEISKCZ) 
IS ALSO LISTED IN 29 CFR 1910.1200(D) t4 AS KNOWN OR SUSPECTED CAECIECGER. 
CGKMENTZNONE 
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DOW CORNING CORPORATION i],,fi DEC 195 
MATERIAL SAFETY DATA SHEET 
c->-- - 
MATL NAME: NICALON(R1 CONTINUOUS FIBER P 
--"e2 2 ....................................................................... SECTION I11 - EFFECTS OF OVEREXPOSURE ................................................................................ 
EYES: FIBERS MAY CAUSE SLIGHT MECHANICAL IRRITATION IF RUBBED INTO THE EYE. 
SKIN: LIKE MOST SHARP FIBER MATERIAL, SLIGHT SKIN IRRITATION HAY OCCUR. 
INHALATION: NOSE AND THROAT IRRITATION MAY OCCUR. PROLONGED OR FREQUENTLY 
REPEATED EXPOSURES MAY CAUSE SLIGHT INJURY. 
ORAL: AKOUNTS TRANSFERRED TO THE MOUTH BY FINGERS, ETC.1 DURING NORMAL 
OPERATIOKS SHOULD NOT CAUSE INJURY. 
COMXENT: NO KNOWN ADVERSE CHRONIC HEALTH EFFECTS, BUT UNNECESSARY EXPOSURE TO 
ANY CHEMICAL SHOULD BE AVOIDED. 
THIS PRODUCT, AS WITH ANY CHEMICAL, MAY ENHANCE ALLERGIC CONDITIONS ON CERTAIN 
PEOPLE. M E  DO NOT KNOW OF ANY MEDICAL CONDITIONS THAT MIGHT B E  AGGRAVATED BY 
EXPOSURE TO THIS PRODUCT. ................................................................................ 
SECTIOK IV - EMERGENCY AND FIRST AID PROCEDURES ................................................................................ 
EYES: FLUSH WITH WATER. 
SKIN: FREQUENT RIIiSING WITH WATER TO REMOVE ACCUMULATED FIBER WILL MINIMIZE 
IRRITATION. 
INHALATION: NO PROBLEM. 
ORAL: NO PROBLEM. 
COMXEKT: NONE. ................................................................................ 
SECTION V - FIRE AND EXPLOSION DATA ................................................................................ 
FLASH POINT (METHOD USED): OPENICLOSED - NONE 
AUTO I GE: I T IO S : NO ti E 
FLAVXABILITY LIMITS IN AIR, : L0GIER:N UPPER: N 
EXTINGUISHING REDIA: MATER WATER FOG X C02 X DRY CHEKICAL X FGAX X OTKER 
SPECIAL FIFE FIGHTING PROCEDURES: SELF-CONTAINED BREATHING APFRARATUS A S 3  
UKUSUAL FIRE AND EXPLOSIOEi HkZkRDS: NONE K R O W  TO DO2 COXKING. 
COKMEKTS: N = N O T  A PRGSLEM. 
PROTECTIVE CLOTHING SHOULD B E  WORN IE; FIGHTING FIRES 1t;VOLVING CHEMICALS 
................................................................................ 
SECTIOK VI - PHYSICAL DATA ................................................................................ 
COILING POINTCa 760 KY HG): NOT AFFLICAELE 
SFfSIFIC GZAVITY (AT 77 DEG F/25 CEG C): NOT APTLICAELE 
MELTING POINT: NDT APPLICAaLE 
VttPGE PZESSGRE (AT 77 DEG F/25  CEG C): NOT APPLICABLE 
V A P O R  DEKSITY (AIR = 1 AT 7 7  DEG F/25 DEG C): KOT APPLICAFLE 
PERCENT VOLATILE BY V'3LUME ( X I  : HOT APPLICACLE 
EVAPORATION RATE (ETKER = 1 ) :  N3T APPLICABLE 
SOLUBILITY IN k'ATEFi(7;): LESS THAN 0.1% 
OGOR, APPEARANCE, COLOR: N O  ODOR, THREAD, DARK COLOR. 
NOTE: THE ABOVE INFOEMATION IS NOT INTENDED FOP. USE IN PREPARINZ PRODUCT 
SPECIFICATIONS. CONTACT DOG: CORNING BEFORE KRITING SPECIFICATIOSS 
1 2 7  
. .  i:',\ ,  .. : ,. 1 i:!. 
DON CORNING CORPORATION 
M A T E R I A L  SAFETY DATA SHEET 
f- ""- 6 MATL NAKE: NICALONCR) CONTINUOUS F I B E R  P .......................................................... 'l,----------------- 
SECTION V I 1  - R E A C T I V I T Y  DATA .......................................................... .................... 
S T A B I L I T Y :  STABLE -__ - . _- 
INCOMPATABILITY(MATERIAL TO AVOID) :  O X I D I Z I N G  MATERIAL CAN CAUSE A REACTION.  
C O N D I T I O N S  TO AVOID:  NOT A P P L I C A B L E  
HAZARDOUS DECOMPOSITION PRODUCTS: NONE 
HAZARDOUS POLYMERIZATION:  W I L L  NOT OCCUR 
CONDITIONS TO AVOID:  NOT A P P L I C A B L E  
COMMENTS: NONE ................................................................................ 
SECTION V I 1 1  - S P I L L ,  LEAK AND DISPOSAL PROCEDURES ................................................................................ 
STEPS TO BE TAKEN I N  CASE M A T E R I A L  I S  RELEASED OR S P I L L E D :  KO PROBLEK. 
PROTECTIVE ECUIPKEt iT :  
EYES: USE CHEFlICAL MORKER GOGGLES. 
S K I N :  A V O I D  CO:;TACT BY USING I K P E R V I O U S  PROTECTIVE CLOTf l IHG: RClSDER OR P L A S T I C  
GLOVES,  APROSS,  C O O T S ,  Ere. USE PROTECTIVE GLOVES A S  A r i I t ; x r w :  Am W,:SH 
I R X E D I A T E L Y  UPON AtiY DETECTABLE CONTACT. 
I N H A L A T I O N :  NO RESPIRATORY PROTECTION REQUIRED. 
K A S T E  D1SPOSC.L IYETHOD: DOL' COENISC. SUGSESTS THAT ALL LGCE.L, S T X T E  At';) FEDZRAL 
REGULATIOKS COSCERNING HEALTH AND P O L L U T I O N  BE REV1EL:'ED TO DETERl',It.IE APPRC!!ED 
DISPOSAL PROCEDURES. CONTACT DON CORNING I F  THE4E ARE ANY D I S P O S A L  C;IESTIDE;S. 
D.O.T.  ( 4 9 C F R  1 7 1 . 8 ) l E . P . A .  ( 4 0 C F R  1 1 7 )  S P I L L  REFORTIKG I K F O E K L T I O G  
HAZARDOUS SUESTP.KCE: NCNE FEPGZTAELE QUANTITY:  KGT A P P L I C A B L E  
COKCEtiTRATICK OF HAZARDOUS SUBSTAKCE: KOT A P P L I C A B L E  
REP0RTAE.l.E C U A t i T I T Y  OF PRGCUCT: NOT A P P L I C A C L E  
C O K l E t i T S :  HOKE ................................................................................ 
S E C T I C N  I X  - R O C T I N E  H A K D L I t i G  PEECACTICES 
--------------------__________________L_---------------------------------------- 
F R O T E C T I V E  ECUIPKENT: 
EYES: USE F R t T E R  PR3TECTION -- S k F E T Y  GLASSES, AS A YgIt;1f?3?i. 
S K I N  x :  /;VOIP COSTACT BY USINC IKPEEVIOLIS PRCTECTIVE 2 i O T F I t ; G :  RULCEEF; OE 
PLE.STIC GLOVES, XPEOt;L, CCC;TS, ETC. UfE P R O T E C T I i E  GLCVES CIS A K i N I M J X  kF;D 
WASH PROMPTLY UPOK ANY DETECTAELE COtiTACT. 
I 1; i.: A i A T 1 0 N : N 0 R E': P I RAT 0 EY P R C T E C T i @ N R EQ U I R E2 . 
V E N T I L A T I O N :  
LOCAL EXtiAUST : B O K E  
KECHANICAL (GENERAL) :  NOKE 
SUITABLE RESPIRATOR: N O N E  SKO;~LD a E  NEEDED. 
THESE PRECAUTIOKS A R E  FOR ROCX TEMPERATURE HANDLING, USE AT ELEVATED TEKPERATURE 
HAY REQUIRE ADDED PRECAUTIOSS. 
FEOE TEE S K I N  A S  SOOH AS PRACTICAL,  E S P E C I A L L Y  BEFORE E A T I N G  02  SXOKIK'G. 
GOCD P R A C T I C E  REGUIRES THAT GROSS AMO'JKT OF ASY C k 5 Y I C A L  B E  R E X O V E D  
COKIYENTS : NONE ................................................................................ 
SECTION X - S P E C I A L  PRECAUTIONS ................................................................................ 
PRECAUTIOKS TO B E  TAKEN I N  HANDLING AND STORING: USE REASOKABLE CARE ANG 
CAUTION. 
- * ?  OTHER PRECAUTIONS: NONE KNOWN TO DOW CORNING. 
COKMENTS: KOBE. b-. - : L 'cl I.!:? ry 
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DOW COZNING CORPORATION 
M A T E Z I A L  SAFETY DATA SHEET 
MATL NAME: NICALONCR) CONTINUOUS F I B E R  P 
F-022 
THESE D A T A  ARE OFFERED I N  GOOD F A I T H  AS T Y P I C A L  VALUES AND HOT AS A PRODUCT 
S P E C I F I C A T I O N .  NO NARRANTY, E I T H E R  EXPRESSED OR I M P L I E D ,  I S  HEREBY IYADE. THE 
RECOXXENDED I N D U S T R I A L  HYGIENE A:ID SAFE H A K D L I N G  ?P,OCZDrJ?ES AEZ B E L I E V E D  TO S E  
I N  THE S P E C I F I C  CONTEXT OF THE INTENDED USE AHD D E T E R a I N E  YHETHEi? THEY AZE 
ATPROPRIATE. 
PREPARED BY:  JACK L .  SHENE3ERGER 
LAST R E V I S I O N  DATE: CCTCBER 1 1 ,  1985 
DATE: N O V E R a E R  15, 1955 
(R) I N D I C A T E S  REGISTERED OR TRADEMAXK OF THE DOW CORNING CORPORATICN. 
GENERALLY APPLICASLE. HOUEVER, EACH USER SHOL'LD REVIEW THESE R E c m r i E N D . t : r m s  
PREVIOUS R E V I S I O N  DATE: I"IARCH 19, 1954 
0NG:NAL PAGE IS 
OF POOR QUALITY 
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Appendix B 
Manufacturer's Literature and Material Safety Data 
Sheet fo r  Q-Fiber Felt. 
Johns-Manville Aerospace 
Type: Binderless Felt 
- Temp. Limit: 1800" F 
Insulation 
Q-Fiber@ Felt 
Description 
Q-Fiber felt is made by water deposition of fine, 
98.5+% pure silica fibers. It is clean, flexible, without 
binder of any kind, and possesses the thermo-physical 
and chemical stability of pure silica. Q-Fiber felt is 
sufficiently strong for effective application. It is 
unaffected by moisture; will not accelerate or cause 
corrosion; is inert to most acids. 
Available Forms 
Q-Fiber felt is available in 36"-wide sheets in lengths of 
60" and 120", and thicknesses of 3 / 1 ~ ' '  and '12". Q-Fiber 
is also made in bulk form. 
Advantages 
Strong. The average tensile strength per inch of width 
for %6" felt, tested in either direction. is 1 SO grams or 
1.8 pounds per square inch. 
Moisture-resistant. Q-Fiber felt is unaffected by 
moisture. 
Non-corrosive. Q-Fiber felt will not accelerate or cause 
corrosion. 
Durable. The chemical composition of Q-Fiber makes it 
incombustable and resistant to most acids. 
Low Thermal Conductivity. Q-Fiber felt possesses the 
lowest kp (conductivity x density) value of any 
commercially available high temperature fibrous 
insulation. 
Excellent Sound. Absorption. The long, fine fibers 
trap and absorb undesirable sound. 
Application 
Q-Fiber in felted form is useful in many applications 
requiring high heat resistance, being effective up to, 
and in many cases above, 1800" F for steady state 
applications. It is excellent thermal insulation for 
aircraft, missiles, spacecraft and special industrial 
applications. It is also designed to provide 
reinforcement for high-temperature plastics such as 
exhaust nozzles, nose cones, and aerodynamically 
heated surfaces. It is particularly useful in components 
where the factors of space and weight are of prime 
importance. 
High Heat Resistance. Q-Fiber felt is effective up to 
1800" F for steady state applications. 
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Thcrmophysical Data 
Chemical Composition 
Silica - Si02 
Boron - 6' 
Iron - Fe 
Aluminia - Ah03 
Calcium Oxide - CaO 
Magnesium Oxide - MgO 
Sodium Oxide - Na2O 
98.50% Minimum 
.01% Maximum 
.O6% Maximum 
SO% Maximum 
35% Maximum 
.35% Maximum 
.15% Maximum 
'The low boron content, normally less than .005%, 
makes Q-Fiber particularly useful for thermal control in 
nuclear applications. 
Thermal Conductivity (Btu-ln)/(Sq Ft-Hr-OF) 
Density Mean Temp. O F  
Lbs./Cu. Ft. 
3.0 .36 .43 .50 .57 .65 .73 .82 .91 
3.5 .33 .39 .46 .53 .60 .67 .75 .83 
6.0 .30 .34 .39 .44 S O  56 .62 .68 
300 400 500 600 700 800 900 1000 
O-Fiber Felt 
Shrinkage and Weight Loss 
Q-Fiber felt undergoes shrinkage and weight loss at high 
temperatures. The table below indicates average 
laboratory test values. 
Temperature Linear Shrinkage, o/o 
1000°F 0.7 
1200'F 1.4 
1400'F 1.8 
1600°F 2.0 
1800°F 2.6 
2000'F 6.2 
Standard Sizes 
Nominal thickness' K 6 " and 1/2 'I 
Sheet length 60" and 120" + V 2 "  -0'' 
Sheet width 36" + 1/2" - 0'' 
'Other thicknesses down to Ye'' and up to 1 " are 
available on special order. 
Density and Weight 
Nominal Nom. Den. Nom. Weight 
Thickness Lbs./Cu. Ft. Lbs./Sq. Ft. = 1006 
Inches 
% 6  3.0 .047 
1/z 3.5 . 1 46 
% 6 6.0 .094 
YZ 6.0 .250 
For information on other The physical properties of Johns-Manville 0-Fiber felt reoresent 
Aerospace Insulation, 
Aerospace Department or 
typical. average values obtained In accordance with accepted test 
rne:hods and are sublect to normal rnanufactunng variatlons They are 
supplied as a techntcal service and are subject to change wlthoul 
notce. Check the Johns-Manville distra office to assure current 
Johns-Manvilte write to Johns-Mansvtlle 
Ken-Caryl Ranch call (303) 979-1000 
Denver, Colorado 8021 7 Ex 2334 or Ex 3280 infonnatlon. 
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Manville Sales Corporation 
PO Box 517 
Toledo Ohio 43693 
419 878-8111 
Ma nvi I le 
April 9, 1986 
Woven Structures 
Hi tco 
618 W. Carob Street 
Compton, CA 90220 
Gent 1 emen : 
This is to certify that Manville Sales Corp.'s standard 
inspection procedure has been used in the inspection of 
the-material covered by this order. This inspection 
indicates that the material tested for Manville Sales 
Corp. Order No. G92 ZK 00525, your Order No. IJS 7037 
complies with the applicable finished product requirements 
of Manville Sales Corp. 
Very truly yours, 
Quality Control Manager 
RJS/dn 
Certified in triplicate 
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Manville Building Materials Group 
PO Box517 
Toledo. Ohio 43693 
419 878-8111 
December 4 ,  1985  
Woven S t r u c t u r e s  
Hitco 
6 1 8  W. Carob Street  
Compton, CA 90220 
A t t n :  Dick Pusch 
Th i s  i s  t o  c e r t i f y  t h a t  w e  have  reviewed t h e  manufac tu r ing  
records f o r  t h e  t i m e  p e r i o d s  a s s o c i a t e d  wi th  t h e  p r o d u c t i o n  
codes of t h e  mater ia l  s u p p l i e d  on Manvi l le  Order  N o .  
G92 Z K  01910, your  Order  N o .  36160 .  These r e c o r d s  of 
t h e  normal i n s p e c t i o n  p rocedures  i n d i c a t e  t h a t  t h e  ma te r i a l  
w a s  produced i n  acco rdance  w i t h  t h e  g e n e r a l  r e q u i r e m e n t s  
o f  M a n v i l l e ' s  manufac tu r ing  s p e c i f i c a t i o n  f o r  Q F e l t  
4363-72. T h i s  i s  t o  f u r t h e r  c e r t i f y  t h a t  t h e  mater ia l  
s u p p l i e d  w a s  warehoused i n  compliance w i t h  t h e  a p p l i c a b l e  
s t o r a g e  r equ i r emen t s  of Manvi l le .  
Very t r u l y  y o u r s ,  
Q u a l i t y  
RJS/dn 
C o n t r o l  Man 
S E E  
TAG 
C e r t i f i e d  i n  t r i p l i c a t e  
-------_. . 
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*MATERIAL SAFETY DATA SHEET ' MSDS PJI~~ABEFi 
'1C X.01046 FM 2822/IP 4614 
PROOUCT IOENTlFlCATlON 
rRAOE NAXIE 1 Micro-Fiber/Micro-Quartz F e l t ,  Q-Felt 
'.IANUFACTURER S NAME 
~ 
GEtJERIC NdME 
Fibrous G l a s s  . 
CAS NUMBER 
Manville Building Materials Corporation 
AOORESS (STREET) 
P. 0. Box 5108 
CITY STA I€ ZIP 
Denver Colorado 80217 I 
I 0 PRODUCT INGREDIENTS 
65997-17-3 
(303) 978-3120 
PkiOriE rJc;r.?BEG 
CliEMICAL STRUC I L ' A E  
MAT E R I AL 1 CAS NUMBER 1 '  5 I T L V  
Fibrous Glass I 65997-17-31 100 ]3O*mpDcf 
*While OSHA considers g l a s s  microfibers to be 
nuisance dust (TLV 30 mppcf or 1 0  mq/m3 total 
110 mq/m3 
a Total du! 
dust), 
~ ~~ ~~ ~ ~~ ~~ 
I V  HEALTH HAZARD INFORMATION 
HAZARD B Y  ROUTES OF EXPOSURE (Indtcale C ~ T - I C  or i c ~ : t ? i  
I ~ ~ ~ A L S ~ ? J  Based on the curr5nt data available 
th2re a r ?  zo known =cute or chronic health h a z a r d s .  
I VG E 5-1 c u 
Ndne 
E * E  
T r an <*n t mec ha n i c a 1 i r r i t 3 n t . 
Transient mechanical irrit2.nt. 
None c 1 
n n  I f i t  
Sr-t'J >:2=rJ7:CT * 4- 
I 5. ih ABSCGF' C'r 
-d 
clf,rrS A:JO sv\4o-o~.fs ASSOCIATED PATH EyPOSUPE OVER TLV I n h a  la t ion - excessive 
esposure to product d u s t  nay cause u D p e r  r e s o i r a t o r v  irrit3ticp. 
E - ' J  - tenpor3ry irrit2tion or inflammation. 
V HEALTH HAZARD INFORMATION (Contlnued) 
FIRST AID 
INH 4LA T ION 
Remove to fresh air. 
'RELING REOUIRED7 
\re s 
::0 
* " 2 A  8EGiJLATE3' 
INGESTION 
W A  
consult a physician. 
Wash exposed areas with soap and warm water. 
E f E CONTACT k'lush with copious quantities ot water. If irritation persists 
SKIN CONTACT 
ShlN ABSORPTION 
DOT REGULATED' DOT NUMGER 
RCRA NUMBER 
VI CONDITIONS FOR SAFE USE (When over TLV) 
RE SPIflATORY PROTECTION 
Use a respirator suitable for D r o t e c u n  aa;tinst n w p  d l l r t  
EYE PROTECTION 
Goggles are recommended. 
PROTECTIVE GLOVES 
Not normally required. TQ 
OF POOR QUALITY 
OTHER PROTECTIVE CLOTHINGIEQUIPMENT 
-- 
b'E'JTIUTION REOUIREMENTS 
Recommended at source of a n y  mechanical cuttinq. 
VI1 REACTIVITY DATA 
1 S LIATERIAL STABLE' WILL HAZARDOUS POLYMERlUTlON OCCUR' 
Yes No 
Hydrofluoric acid 
~ ~ C \ ~ M P A T I E I L I T Y  CONDITIONS TO AVOID 
--ZARDOUS DECOMPOSITION PRODUCTS 
Vlll  SPILL OR LEAK PROCEDURES 
;:ED3 r0 BE T A K E N  IF MATEIAL IS SPILLED O R  RELEASED 
Vacuum clean dust. If sweeping is necessary use a dust suppressant. 
. . - - -__ -- --- -- IX  SPECIAL PRECAUTIONS 
I . - - ( p J t s %  I - - - .  -e--.-. - -, 
\I ! I , !  
I -  ' , ' I /  I = . 1 -ECIAL PRECAUTIONS FOR HANDLING AND STORAGE 
I: I  
'--fq PGFCAUTIONS 
.See caution label on packaqe. 
TITLE I Mqr., Environmental Services  PAGED Y $ennet% A.  Roberts 
' e  the mformalion and recomrnendal~ons set form hereln are belleved to be accurate as of the date hereof, THE MANUFACTURER 
.p.ES '40 '* ';AClF,j 'JTL U ITH GESPECT THERETO 4 X O  DlSCLAiMS ALL LIABILITY FROM RELIAPJCE THEREON 
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Appendix C 
M a n u f a c t u r e r ' s  L i t e r a t u r e  and Material S a f e t y  Data 
S h e e t  f o r  A s t r o q u a r t z  Yarn. 
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ORIGINAL PAGE IS 
OE: POOR QUALITY 
ASTROQUARTZm I 1  yarn is made from high purlti', e x t ? = m e l y  f i r !?  
continuous filaments of pyre fused silica ivhicn exhibits ex- 
c-3llent refractory pronerties and is capable of ex:t?ndsd ex- 
posure to 2 0 0 0 ' ~ ,  Fiber cozposition is 9 9 . 9 0 3  Si02 (silica) 
-^ r ..cI-;si~:? 'J of kind=r. 
ASTROQU-ilRTZ? I1 yarn, with more than f i v e  times the yield of 
hiqh silica leached yzrn, has higher tensile strer.gth and 
.brasion resistance. :\s a resalt, high prodliction sfficiencirs 
zr? now possible in tne production of high tezperst.Jre flexis15 
insalation. 
. ,  
;ST3OQUARTZ,F I1 yarn, bec3use of its high pcrity, hiqh ternperatTJre 
resistance, c:.:cellent electrical properties azd 1ov; density, F.3 
:.:i!?e!y usid in the form of braided insulaticn in tks rzocg , - ip l=  
51-3nents. It :?as pro*:cr, :(' be far sgperior in physical propor:;- 
charact2ristics v,*hc>n ccrFarz?d to ths comparati*,iely lo?: 
; t r~ .nf??n  high silica le-.e.rle 1 l-arns. 
, ..,lr? - I coaxial cables, s y . ? , n - ?  ses3.ratorsI hoop--::ire :r.d heatin? 
. .  
.~.PPROXI51ATE APPROXIMATE A P PROX I MAT E: 
ClIAMETEFl !?Pi ; \ K I N G  STRENGTH* YIELD ___- - -. TYPE 
3 0 0  2/'0 0 . 0 0 8 "  
3 0 0  2 , 2  0 . 0 1 2 "  
3r)o 2 , 3  0.013" 
? P O  2/8 0.020" 
3 . 0  l b .  
6 . 0  l b .  
1 0 . 0  l b .  
2 4 . 0  lb. 
1 5 , 0 0 0  yds; ' lb.  
7 , 5 0 0  y c l s / l b .  
3 , 7 5 0  ;.cis l b .  
1 , 8 7 5  yds, 15. 
These )ya rns  are availJbls w i t h  9779 binder system w h i c h  is 
compatible w i t n  phenol ic, G ? ! _ * C J : - : \ I * ,  and some polyimide r e s i n s ,  
OI'JGINAL PAGE IS 
OF POOR QUALITY 
ASTROQUARTZ3 1 1  FIBER CHARACTERISTICS 
Number of filaments: 
1. 300  1 / 0  - 1 2 0  filaments 
2. 300  2 /0  - 2 4 0  filaments 
3. 30.0 2 / 2  - 4 8 0  filaments 
Fiber diameter in microns: 
Each filament is 9 microns in diameter 
This is equ,i\ialent in diameter to a 
fiberglass G filament. 
TERMS OF SALE 
PRICE: All prices shall be subject to change without notice. 
The effective date of a price change shall be the date 
stated on the Corporation's applicable price sheet. 
OFFERING: Made subject to general terms and conditions of'sale. 
.TERMS: Net 30 Days  
FREIGHT: F . 0 . B .  Slater, S.C. 
M I N I M U M  ORDER: 1 kg or 2 . 2  l!)s + 10% if available from stock 
1 0  kg - + 1 0 5  if it-is a special order. 
For further Infomution write to: J.P. STEVENS & CO., INC. INDUSTRIAL PRODUCTS GROUP 
1 / l  / Q K  33 STEVENS ST., P. 0.' BOX 208 GREENVILLE, S.C. 29602 I /  I /  W d  
2100-32  TELEPHONE (803) 879-9091 OR (803) 2391828 
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NEW ASTROQUARTZW 
A BElTER SOLUTION TO HIGH-HEAT 
HIGH-STRENGTH PROBLEMS. 
Its strength is in numbers. - 
Astroquartz 11 and original Astroquartz are composed of identical raw materials. Through improved manufacturing and handling 
techniques, however, Astroquartz I1 represents a stronger, cleaner product with unparalleled quality, standards and specifications. 
Such innovation, for which Stevens has long been known, gives new flexibility to your design opportunities. 
Physical and Mechanical Properties 
With a tensile strength of 500,000 psi, 
Astroquartz I1 has a higher strength- 
to-weight ratio than virtually all other 
high temperature materials. 
Because of its low coefficient of 
linear expansion, Astroquartz I1 offers 
~~~ ~~~~ ~~ 
PHYSICAL PROPERTIES 
OF FIBERS 
Filament diameter 
yarnandfabric ...... .0.00035in. 
(9minons) 
F4l-t tcnsik s a n g t h  
a1 m 
ternpcrsturc(psi). . . . . . .  .500x I f f  
Hardness (Mohs' ride) . . . . . . . . . .  ,341 
Young's modulus . . . . . . . . . . . .  .IO x IO' 
Poisson's ratio . . . . . . . . . . . . . . . . . .  .O. 17 
specific gnvity .................. .2.2 
great dimensional stability. Fibers are flexible, and 
flexing. Astroquartz I1 is transparent 
to ultraviolet radiation in the 2,000A 
and upwards range. It does not form 
paramagnetic centers, nor does it 
capture neutrons in high energy 
applications. Astroquartz 11 is an 
excellent electrical insulator. and 
function well in applications subject to torsion and retains these properties at high temperatures. 
DATA SUMMARY OF PURE FUSED SILICA,,, (2, 
Mechanical Properties 
Density (gramsm) . . . . . . . . . . . . . . . . . .  2.20 
Hardness I Mohs' scale) . . . . . . . . . . . . . . .  5-6 
Poisson's ratio ...................... 0.17 
Young's modulus.. . . . . . . . .  daN/cm' . .  6.2 - 7.2 x I f f  
Thermal conductivity 
ac2O"C.. .............. CGS . . . . .  0.0033 
SVCs pin1 logq = 14.6. . ."C . . . . . .  1.070 
Softening p i n t  logr) = 7 . 6 . .  ."C . . . . . .  1.670 
Anncalingpoiat iogr) = 13 .. .'C . . . . . .  1.140 
Breaking stress tensile . . . . . .  daNmn: . .  500(a 
Thermal Properties EMricaI Properties 
Mew uxfficient of linear Resistivity ai 20°C. . . . . . . . .  R x cm . . .  IO'" 
Resistivity at 800°C . . . . . . .  R x cm . . .  2 x 1W (appx.) expansion 0 . I .oooOC per "C . . . . . . . . .  0.54 x IO- 
Mean specific kat. Dielectriccoanont 
0-MXPC . . . . . . . . . . . . . .  caUfC . . .  0.230 ai 2 0 T .  1 MHz ................... 3.78 
I (1) Cf Technical *rflet S 1: ''Tnn-nt ~IUC fun4 quro." (2) 'Ibc vJua lhwrn mLlc codidanpikcf 
Dielecmc strength 
Loss factor at 
Power factor 81 
at 2 V C . .  . . . . . . . . . . . . .  kV/cm . . . .  250400 
W C ,  I MHz ..................... 1 x IO-' 
'WC, I MHz . . . . . . . . . . . . . . . . . . . .  2 x IO-. 
0pticaJD.ta 
Dispersion . . . . . . . . . . . . . .  nc-nF . . .  0.0067 
Refractive index a[ 15°C . . . .  nD . . . . . . .  1.4585 
chcm*dD.tum 
Si00 content . . . . . . . . . . . . .  R. . . . . . .  99.99 
Chemical Properties Thermal Properties 
Astroquartz I1 fibers (identical to Astroquartz) are chemically 
stable. They are water-insoluble, imputrescible and 
non-hygroscopic. Halogens, common acids in either liquid or 
Astroquartz I1 can be used at temperatures much higher than 
either "E" glass or "S" glass fiber, up to 1.050"C. Above this 
temperature slow devitrification or crsstallization occurs with 
gaseou; form; have no effect on Astroquartz I1 with the- 
exception of hydrofluoric and hot phosphoric acids. 
Astroquartz I1 should not be used in environments where 
strong concentrations of alkalies are present. 
TYPICAL CHEMICAL ANALYSIS OF ASTROQUARTZ I1 
' Element 
Si02 ..................... exclusivc of binders ......... 99.95 
Phosphorous . . . . . . . . . . . . . . .  ppm ..................... 3 
Sodium ................... ppm ............. 
Potassium ................. ppm ............. 
Lithium ................... ppm ..................... 1-2 
B m n  .................... ppm . . . . . . . . . . . . . . . . . .  <.5 
Calcium.. ................. ppm ........... 
........... e 4  
........... 2 
Chmmiurn ................. pprn .............. .2-.5 
> GREATERTHAN < LESSTHAN L LESSTHANOR'EQUALTO 
3 GREATER THAN OR EQUAL TO = EQUAL 
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the ioss of flexible mechanical propeiies. Repeatedly varied 
temperatures and various impurities. especially alkalies. may 
promote devitrification at somewhat lower temperatures. 
Astroquartz I1 fiber softens at approximately 1,300"C but 
never liquifies. Volatilization begins near 2 .OOO"C. Because of 
their very high melt viscosity. Astroquartz products are often 
used in ablative composites. 
MELT VISCOSITY VS. TEMPERATURE 
MELT VISCOSITY 
10' 2 3 4  6 8 1 0 '  2 3 4  6 8 1 0 '  2 3 4  6 8 1 0  
22al-C 
w I
a 
ai 2aac % 
e E 
1mc 
3. f? Stevens & Co., Inc. 
SLATER, SOUTH CAROLINA 
121 1 7/85 
PLEASE REPLV TO: 
SLATER PLANT 
SLATER. S. C. 29683 
"CERTIFICATION - INDUSTRIAL GLASS FABRICS" 
December 6,  1985 
Hitco Inc. 
Woven Structures 
618 West Carob Street  
Compton, California '90320 
CUSTOMER ORDER NO.: 
TRADE STYLE: 
TOTAL 3(m#: POUNDS: 
WS6819 
300-2/4/9100 Starch Oil Binder Astroq Yari 
22.05 
DATE: 12/6/85 B/L 
B/L NUMBER: - 
We cert i fy  that  the above material i s  J. P.  Stevens 300-2/4/9100 
Starch Oil Binder Astroquartz Yarn. 
Test results  are attached. 
(C;RIGINIV, PAGE IS 
02 POOR QUALITY: 
Mill Reference 
Contract Lot Number 
31482 1714 
J PS4 1W26 
Yours very truly, 
J. P. STEVENS 81 CO., INC. 
Stater Plant, Stater, S. C. 
Y 
Frances Gravl ey 
SEE WSI STATUS 
TAG # *7 3 f 7  
( COKKECl  I V E  C O ? Y )  
12/17/85 J. t? Stevens & Go., Inc. 
INDUSTRIAL GLASS FABRICS DEPARTMENT 
SLATER PLANT 
TEST Sla te r ,  South Carol ina 
H i t c o  Inc .  
JPS Order #31482 
Customer Order #WS6819 
MATERIAL IDENTIFICATION: 
12/6/85 
.DATE: . . 
300-2/4/9100 Starch O i l  Binder Ast roquar t t  Yarn 
L o t  #1714 
TEST DATA: 
I 
S i l i c a  Content (x)  99.95 
F i n i s h  Content ( X )  .41 
Yards Per Pound . 3663 
Breaking S t reng th  ( l b s . )  10.11 
1 4 2  
Frances Gravley, Laboratory  Manager 
P 
STEVENS 
MATERIAL S m T T  DATA SHEET 1001I F-001 
CkcupatIonaI Safety and HsaIth Admln l s t ra t l on  
OSHA 174, b p t .  1985 (Non-Mandatory F o r m )  
CMB Fb. 1218-0072 
IDENTITY (As Used on Label and L l s t )  
USTROWART2 I d 1 I HSDS NO. 001 I 
XcTmN I 
b n u f a c i u r e r  's Nene IEmergsncy Telephone Numter 
. J. P. Stevens 6 CO., Inc. 1 (803) 239-4 I29 
4ddress (Numter, Street, Cl ty ,  State,  and Zlp Code) ITelephone Number fo r  Informat lon 
Stevens l n d u s t r l a l  D l v l s l o n  I (803) 239-4 I29 
33 Stevens St ree t .  P. 0. Box 208 I k v l s e d  October 22. 1986 
t 
;A:! - 5 
_ -  
IDate Prepared 
ISlgnature of Repare r  (op t l ona l )  
h e n v t l l e ,  SC 2%02 I 
KCTIOW I I  - WZMDUJS IM;REDIENTS/IMNTlTY ICFWMATION 
O t h e r  L l m l t s  
-lazardous Canponents ( S p e c l f l c  Chemlcal Identity; Comnon Nane(s) OWA PEL ACGlH TLV %carmended 5 (op t l ona l )  
rused SI I Ice CAS: 60676-86-0 80 rng/cuM 0.1 mg/cuM - r e s p l r a b l e  -
k t r o q u e r t z  m n s l s t s  of unorphous fused s l l l c a  f l b e r s  p lus  f l b e r  surface orgenlc blnders comprlslnc l e s s  than I% of ths 
t o t s1  welght. Fused s l l l c e  dust Is amorphous and Is amsIcbreC t o  te b l o l o g l c a l l y  I ne r t .  
KCTIOH I l l  - P H Y S I W J ~ I C A L  CHARNX'ERISTICS 
E b l l l n g  P o i n t  I I S p e c l f l c  Grav l ty  (H20 = I )  I 
Vapor Pressure (mn 4.) I I & l t l n g  Point  I 
Vapor Densl ty ( A I R  = I )  I I Evapora t I on Rate I 
I 2 . 2  I 2000'C I 
I N/A I FI berg I ass I SaOc'C 
1 N/A I ( B u t y l  h t a t e  = I )  I N / A  
k.lublllty I n  Water 
lnsol ub le 
&,-pearan- and Odor 
SECTION I V  - FIRE AH) EXPOLOSION KCAf tD DATA 
Flash P o i n t  W t h o d  Used) I F l a m a b l e  L lm l t s  ILEL I LJE, 
Ext lngu lsh lng  b d l a  
Smcle l  F l r e  F i g h t i n g  Proaedures 
T h i s  material I s  m m m b u s t l b l e .  F l r e f l g h t e r s  should wear f u l l  protective gear lnc lud lng  NlOSH approved self  contalnnd 
thusual F l r e  and Exp las lon  Hazards 
Welte F a b r l c  - Fb oQr. 
Ncn c m b u s t l b l e  I N/A I I 
Use m d l a  appropriate for surrounding f l r e .  
breathlng apparatus. 
When heated t o  extrem temperatures (over 9oo'C) t h l s  material may UystaIIIze or welt I n t o  glass. 
DISCLAIMER: The  In fo rmat ion  p r o v l Q d  h e m l n  Is be l l eved  t o  be accurate bu t  Is not  warranted to be'whether It 
o r i g i n a t e d  w l t h  J. P. Stevens 6 Co., Inc. o r  not. h c h  of the  Informat lon amta' lned I n  thls materlel safe ty  
data sheet orlglnates fran Stevens' suppliers; t h l s  I n f w m a t l o n  cannot be warranted by  J. P. Stevens 6 Co., Inc. 
t o  be c o r r e c t  or appropriate f o r  the rec lp len t ' s  Intended use. R c l p t e n t s  ere advlsed to  con f l rm  I n  advanas of 
need t h a t  the In fo rma t lon  Is current,  appl lcable and s u l t a b l e  to  their circumstances. 
1 d 7  
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SECTION V - REACTIVITY M T A  
Stab1 1 7 9  ~ I lhs tab  le I l h d l t l o n s  to  Avoid 
I I 1 
~ - ~~ ~ -~~~ ~ ~~ ~ ~~~ 
I s t ab le  I I 
I I X I b n e  Known 
~ n c a n p a t l b l l l t y  (Mater la ls  to Avoid) Hay reac t  rlth h y d r o f l u o r l c  s c l d  to produas sllicon ) e t r a f l u o r l &  gas. R a c t s  
u l t h  mnon hexaf luor lds  to produce mnon t r I o x l & .  Avold o x y p n  d l f l u o r l r b ,  c h l c r l n e  t r l f luor l rb  and h o t  phosphorlc acld. 
.Hazardous bcunpos l  t i o n  or Byproducts 
None 
Hazardous lMay Occur I (Condl t l o n s  to  Avo1 d 
-pol ymer l t a t  I on I I I 
I W l  I I Not Occur I I 
I I X l k n e  Known 
SECTION V I  - HEALTH HAZARD MTA 
qoute (5 )  of Entry: lnha I a t l o n ?  S i n ?  lngss t lon? 
k b a l t h  Hazards (Acute and Chronic) 
Cc-c 1 nogenl c i  t y :  NTP? I ARC tbnographs? OSHA k g u l a t e d ?  
S l y s  and Symptom of Ewposure 
bddlce!  Conditions 
Yes No N/A 
i n ? e l a t i o n  of la rge  amounts may I r r l t a t e  upper r e s p l r a t o r y  t r a c t .  
k No No 
S..lr.,  Eye, and Rssp l ra to ry  Trac t  I r r l ts t lon.  
e n e r e 1  l y  A a r a v a b d  by Exposure FI jsplratory A I  lnmnts - as w 1 t i - 1  prolong?d repeated exposure t o  any dus+. 
E~E.-FICY an: F l r s t  A i  d Procedures 
Eye Contact:  Flush w l t h  water f o r  15 minutes - pt medlcal a s s l s t a n a  I f  i r r l t a t l o n  p r s l s t s .  Skin a m t a c t :  Wash w l t h  
sod; and watoc. Inhalat lon:  Remove t o  f resh  a l r .  
SECTlOG V I 1  - PRECAUTIONS FOR SAFE HANDLING AND USE 
Str , is  t s  Er; TaKei i n  Case Material Is Rleased  o r  S p i l l e d  
I f  fuse6 s l i  Ica p a r t i c l e s  are gsnerated then the mater ia l  should be c o l l e c f e d  I n  a manner to mlnlmlze the gsnerat ion 
of a l rborne  dust. Those Involved I n  clean up o f  p a r t l c u l a b s  should use appropr lcte personal p r o t e c t l e  equlpmeit .  
k r s t c  Clspose I # thoc  
F-lior Ioce:, State, and FeceraI regu la t lons .  
Frece;tions t o  EB Taken I n  Handllng and Stor lng  
Crape ana use i n  a manner that w i l l  prevent s l rborne  p s r t l c u l a t e s  I n  the uorkptaae. 
~ ~ ~ ~ 
@ne- Preca u t  i ons 
t. l i  
SECTIOh' V I  I I - cOc(TR0L MEASURES 
Pssz i re to ry  P rc tec t l on  (Speclfy T y p e )  
be-* : ? + [ o r  ILccaI Exhaust bcomnenQd f o r  prooesslng machlnary I S R c l a l  
h ' l ? C -  a3D-cvs3 respirators where dust l eve l s  erased TLV. 
1 *here & s t  gmera t i on  Is apparent. I Pbt normal ly requ i red .  
IPechanIcaI (General 1 I Other 
I Yes, where local exhaust ventilation Is no t  feaslblel Fbt  normally requ i red .  
P ro tec t  I ve GI c e s  
Other P r o t e c t i v e  C lo th ing  or Equtpment 
Wcrk/hyglenlc Prac t ices  
lEye R o t e c t l o n  
I Gloves and be - r l e r  creams I f  necessary. 
con tc lned r e s p t r a t o r  for nonroutine b emergsncy s i t ua t i ons .  
Wash thorou?':ly a f t e r  work. kcowmend launder work c lo thes  separately. 
Safety glasses w l t h  SIB shlelds/goggles. 
Work aprons or smocks are recarmended. NlOSH approved a i r  supp l ied  or s e l f  
092 3ss-24/ccp 
1 4 4  
Appendix D 
Manufacturer's Literature and Material Safety Data 
Sheet for Astroquartz Sewing Thread. 
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A S T R O Q U A R T Z ~ I I  S E W I N G  T H R E A D  
TECHNICAL DAPA 
=, - 
s 
i 3  
For further Infomatlon wdte to: J.P. STEVENS & CO.. INC. INDUSTRIAL PRODUCTS GROUP 
33 STEVENS ST., P.O. BOX 208 GREENVILLE, S.C. 29602 
146 Page 1 of 2 
J. f? Stevens & co., lr7c. 
"CE RTI F I CAT1 ON - IN  DUST R I A L  G LASS F A  B R I CS" 
October 1 ,  1985 
Hitco I n c .  
\!oven Structures 
618 Nest Carob S t r ee t  
Compton, California 90220 
I:' €819 
9-12/9155 Astroauartz I 1  Sev:inc Tnread  
1 1 . 4 7  
1 G / 1  /E;: 
, I  LE c e r t i f y  t h a t  t h e  abcve  r e t e r i a l  i s  J .  F. Stever,s Q-72!9EE5 
Astroquartz I 1  Seb:ing Thread. 
- l es i  recul ts  a r e  attached. 
CLEARED THROUGH WSI 
RECEIVING INSPECTION 
J. I? Stevens & Co., Inc. 
IN DUSTRIAL GLASS FAB Rl CS DEPARTMENT 
SLATEF? PLANT 
TEST REPORT S l a t e r .  S o u t h  Carol  i n a  
To: H i t c o  I n c .  
JPS Order  nY31482 
Customer Order  dWS 681 9 
MATERIAL IDEHTIF ICATION:  
TEST DATA: 
S i l i c a  Content  ( 5 , )  
Firiisr, Content  ( % )  
Y a r - j ;  p e r  Found 
Breaking S t r e n c t h  ( 1  9 s .  ) 
Q-12/9?55 A s t r o a u a r t z  I I 5evi  ng Thread 
L o t  -'1L22 
99.99 
2922 
1 6 . 2 2  
R EC E I VI r\l G INS P EC T I ON 
Frances  Gravl ey , L a b o r a t o r y  Vanaaer 
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MATERIAL SKEn DATA SHEET W 1 2  
Occupational Safe ty  end k a i t h  Admlnistrat ion -_ 
OSHA 174, Sspt. I985 (Non-Mandahry Form) 
OCB No. 1218-0072 
OF POOR QUALITY. 
IDENTITY (k Used on Label and L l s t )  
&TROOUARR I I SEW ING THIEAD %OS NO. 001 2 
SECTION I 
b n u f a c t u r e t ' s  Name 
J. P. Shsvens 6 Co., Inc. l(803) 239-4129 
Address (Number, S t r e e t ,  C l ty ,  Sta)e, and Z i p  Code) l lelephone Number for l n fo rma t lon  
Stevens l n d u s t r l a l  D lv l s lon  I(803) 239-4129 
33 Stevens S t r e e t ,  P. 0. Box 208 
JBSI' - 5 
IEmergency l e  lephone Number 
IDate Prepared 
l f b v l s e d  October 22, 1986 
I SI gnature of Preparer (op t  lone I 1 
Greenvl I le, SC 29602 I 
SECTICN I I  - H U M C U J S  lNGREDlENTS/lMNTllY IWcocbuTION 
Hazardous h m n e n t s  (SDec l f l c  Chemlcal I d e n t l t v :  Cuwnon N m ( s )  OSHA PEL ACGIH T L V  bxmnended 5 (oD t lona l )  
O t h e r  L i m i t s  
Fused SI I I c e  CAS: 60676-86-0 80 mg/cuH 0.1 mg/cuM - resp l rab le  
A s t r w u a r t r  Serlng Thread m s l s t s  o f  a yarn of fused s i l i c a  f l be rs  p lus  a pa ly te t ra f l uo roe thy lene  coatlng. 
dus t  Is enwKDhous and Is considered t o  be b l o l o a l c a i l v  Iner t .  SInce the ouartz varn  I s  ma ted .  It Is e r t r e w l v  u n l l k e l v  
fused s l l l c a  
that any cond l t l on  will occur In whlch there Is any s lon l f l can t  alrborne f l b e r  f r m  t h l s  mater la l .  
SECTION 1 1 1  - pHTSiCAL/c"ICAL CHARACTERISTICS 
B o i l l n g  Polnt I 
I 2 . 2  
Vapor Pressute (KIT H g . )  I I b t t l n g  Po ln t  I 
Vew- Densl ty (AIR = I )  I IEvaporatlon Rate I 
So1ut ; I l l t y  In Water 
! nsol ub I e 
Appearance and O d o r  
Astroquartz Thread. Tan Color. No Odor. 
SECTION I V  - FIRE AND EXPOLOSION HALARD DATA 
F l a s h  P o i n t  (Irlethod Used) lF lamab le  L l m l t s  I L E L  ' I U E L  
Ncn c d u s t l b l e  I N/A I I 
Ex t ingu ish ing  b d l a  
Use t h a t  whlch Is appropr iate f o r  surroundlng f l r e .  
Speclal F i r e  F lgh t lng  Procedures . Use p r m d u r e s  necessary for surroundlng f l r e .  Weer f u l l  p ro tec t l ve  gear i n c l u d l n g  N l O S H  approved self  contained 
I N/A I F1 berg I ass I 9OW'C 
I N/A I tBu ty l  Acstate = I )  I N/A 
b-sathlng apparatus t o  p ro tec t  agalnst t o x l c  decapos l t i on  products. 
Unusucl F i r e  and Exploslon Hazards 
In extreme f l r e  s l t ua t l ons  l nvo l v lng  po iy te t ra f l uo rmthy lene ,  hydrogen f l u o r i d e  fumes can be liberated end approprtate 
personal pro tec t l ve  p a r  should be employsd. 
DISCLAIMER: The lnformat lon p r o v l d d  here ln  Is bel levsd t o  be accurate b u t  Is no t  warranted to be uhether It 
o r i g l n a t e d  w l th  J. P. Stevens i3 Co., Inc. o r  not. k c h  o f  the In fo rmat ion  conta ined I n  t h l s  mater la l  sa fe ty  
data sheet o r l g lna tes  f r a n  Stevens' supp l i e rs ;  t h l s  lnformatlon cannot be warranted by J. P. Stevens 6 Co., Inc. 
t o  be co r rec t  or appropriate f o r  the r e c l p l e n t ' s  Intended use. Fec lp len ts  are advlsed t o  conf i rm I n  advance o f  
n e s d  t h a t  th lnformat lon Is cur ren t ,  app l l cab le  and sultable t o  t h e t r  clrcumstancss. 
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SECTION V - REACfIVllY DATA 
Stab1 I I t y  I Unstable I ICondl t lons to Avold 
I I I 
IStable I I 
I I X INone Known 
I n c a p s t I b l l l t y  (Mater la ls  t o  h o l d )  
w l t h  mnon b x a f l u o r l d e  to produoe xenon t r l o x l b .  
Hazardous Decompos1 t l o n  or Byproducts 
Hazardous IMay Occur I l b n d l t l o n s  t o  Avold 
May reac t  w l t h  hyd ro f l uo r l c  ac id  to  produoe s l l l c o n  h t r a f l u o r l d e  gas. R a c t s  
Avold o x y p n  d l f l uo r lde ,  ch lo r lne  t r l f l u o r l &  and ho t  phosphorlc acid. 
ktydrogen fluoride 
P o i y m r l z a t l o n  I I I 
I W l l I  Mot Occur I I 
I I X IFbne Known 
SECTION V I  - HEMTH HAZARD DATA 
Route(s) o f  Entry:  Inhalat ion? Skln? 1 ngss t 1 on? 
Yes No N/A 
b a l t h  Hazards (Acute and Chronlc) 
Carclnogenicl t y :  NTP? IARC Wnographs? OSHA R g u l a t e d ?  
Slgns and Symptoms of Exposure 
h d  1 ca I Con d I t I ons 
General l y  Aggravated by Exposure 
Inha la t i on  o f  la rge  amounts may l r r l t a t e  upper resp l ra to ry  t r a c t .  
No Nb k 
Skin, Eye,  and R s p i r a t o r y  Trac t  I r r l t a t l o n .  
i lesplratory A I  lments - as w l th  p r o t o n p d  repeated exposure t o  any dust. 
Emrgsncy and F l r s t  A ld  Procedures 
Eye Contact: Flush w l t h  water  f o r  15 mlnuhs  - at medlcal asslstanae I f  l r r l t a t i o n  persists. Skln aontact: hash w l th  
soap and water. Inha la t ion :  Move t o  f resh a l r .  
SECTIOI; V I 1  - PRECAUTIONS FOR SKE HAMKING AND USE 
S t e p s  t o  86. Taksn I n  Case Mater ia l  I s  Released or S p I l l e d  
I f  fusec s l I I c a  p a r t i c l e s  are generated then the mater la l  should be co l l ec ted  I n  a manner t o  mlnlmlze the generatlor: 
o f  a i r b o r w  dust. Those I n v o l e 5  I n  clean up of pa r t l cu la tes  should use appropriate personal p ro tec t lve  equ lpmqt .  
Wasie ~ i s p o s i  I &tbDd 
F o l l o r  l oca l ,  State, and Federal regulations. 
Prezeu t ims  t o  Be Taken I n  HandlInS and Stor ing 
Store a x !  use I n  a manmr tha t  w 1 1 1  prevent alrborne p a r t l c u l a t e s  I n  the workplaa,. 
Otter Precautlons 
SECTION V l l l  - CONTROL MEASURES W A  
~~~~ ~~ 
F iespiratory-rotectlon (Spec! f y  Type) 
V fn t l  l a + l o ~  lLocal Exhaust mcomnenQ?d f o r  processlng machlnary l spsc la l  
NISSU approved resplra+ors whe-e dust l eve l s  exceed T L V .  
I where dust a n e r a t l o n  1s apparent. I Not normal l y  requlred. 
I k c h a n i c a l  (General 1 I Other 
I Yes, where local  exhaust v e n t l l e t l o n  Is no t  feas lb le l  Not normally tequlred. 
P ro tec t i ve  Gloves IEye R o t e c t l o n  
GIOMS and b a r r l e r  cream I f  necessary. I Safety g lasses  wl th  S I &  shlelds/goggles. 
O t h e r  Protective Clo th lng  or Equlpment Work aprons or smocks are recarmended. NIOSH approved a l r  suppl ied or sel f  
contained r e s p l r a t o r  f o r  nonroutlne d emergency s l tua t ions .  
hash thoroughly a f t e r  work. R c o m n d  launder work cla)hes separably. 
Work/Hyglenic Prac t ices  
0925SS-26/c~p 1 5 0  
Appendix E 
M a n u f a c t u r e r ' s  L i t e r a t u r e  and Material S a f e t y  Data 
S h e e t  f o r  Carboset. 
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Carboset 514H Resin Resins Product Specification 
Commodity No. 0530H 514 0000 
ORIGINAL‘ PAGE IS 
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/ 
. 
General Properties 
1 . Appearance - Milky White Dispersion 
Specifications Limits - Min . - Max. Proc. No. Target 
1. Total Solids ( $ 1  40.0 39 .O  41.0 1196-A 
2 . Brookfield Viscosity 
(cps @ 2S°C)* 
200 100 500 764-A 
3. Contamination None (No More Than Std.) 767-A 
4. pH of Solution 7.0 6.6 
60 .O 
7.4 
70.0 
92-B 
1047-B-D 5. Acid Number 6 5 . 0  
6. Film Appearance Clear, Glossy 772 
(Only Value Acceptable) . 
771 7. Film Nater Resistivity Complete 
(Only  Value Acceptable) 
(Only Value Acceptable) 8. Film Alkali Removability Complete 771 
*Run with RVF, A2 Spindle at 20 R P M  
Th. BFGoodrlch Company, Chomieol Group/GlOO Oak Tree Blvd.. Cleveland, Ohio 44 1 3 1 
IBFGoOdrich 
Chemical Group 
tho uaor BFGoodnch rhall not bo lmbio for and tho customor auurnos all nsk and Iiabtliv 01 any 
UI. OI handling of ony matonal b o n d  BFGoodrlfh s & r u t  conhol THE SELLER MAKES NO 
WARRANTIES EXPRESS OR tMMPUED MCLUMNG BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE 
NoMing c o o m i d  hormn II lo bo c0nnd.r.d aa prmluion r u o m r n m o n  KH OT an cn. 
b c ~ t o p o s h c o a n y p o k n h d  nwonhon- prmlulon of tho pafont- 
I 
RETENTION CODE. 7w-ooO 
i \ q  
I ! I ;  m-9.- CARBOSEm ACRYLIC RESINS i 
Metal coatings, printing inks, pigment dispersion €! .t--paper coatings, 
cosmetics, reprographics, chemical specialities and tire cord dips are 
just a few of the many applications for Carboseta resins. 
In metal and specialty coatings, for instance, Carboseta resins can be 
used as temporary or permanent coatings for protection against corrosion, 
weathering, and degradation during handling, processing, and shipping. 
Clear, adherent, water resistant, temporary protective coatings can be 
removed easily with a dilute alkaline solution. 
By crosslinking either the thermoplastic or thermosetting Carbosetm 
resins or by simply using a thermosetting Carboseta resin, permanent, 
protective coatings can be obtained. Epoxies, formaldehyde condensation 
crosslinking agents, multivalent metals, and polyfunctional aziridines 
are crosslinking agents for Carboseta resins, 
In printing inks and pigment dispersions, Carboseta resin can be used as 
a pigment binder, pigment dispersant, O K  both. Inks based on Carboseta 
resins work well on surfaces where adhesion is normally a problem. 
The high gloss, good water resistance, and non-blocking characteristics 
of several Carboseta resins make them particularly suitable for paper 
coating applications. 
Carbosete XL-19 and XL-30 resins are low acid resins which qualify under 
several FDA regulations concerning components of paper in contact with 
food. 
In cosmetics, Carboseta 5 1 5 .  525 and preserved versions of 514H and XL-19 
resins have been used for many years because of their low toxicity and 
low odor characteristics along with their excellent binder properties 
and soap and water removability. 
Carboseta 533H r e s i n s  act as an adhesion retention aid by protecting 
dipped tire cords from degradation by ultraviolet light, humidity and 
ozone. 
Carboset resins are recommended for reprographic applications due to 
their excellent dielectric properties and freedom from soaps and 
surfactants which interfere with commonly used additives. 
Carboseta resins are available in both solution and dry form. Most of 
the Carboseta resins are available as dispersions in ammonia water. 
Carboseta 514A resin is available as a 709 total solids solution in 
isopropyl alcohol. Carboseta 515 is a viscous, near liquid resin 
offered at 1009 total solids. Carboseta 525, 526, XL-27 and XL-44 a r e  
dry resins soluble in alkaline water as well as many organic solvents. 
The accompanying charts and your BFGoodrich representative can help you 
decide which Carboseta acrylic resin best suits your application. 
- 2 -  
23572/20  
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t- ORIGINAL PACE IS 
OF POOR QUALITY 
. . .  
A n ; m * n  
1 5 4  
Listed below is the quality data for the subject material: 
Pro erties 
.4 -P/ 
Lot No. 
Data -
MJM/ b j s 
Lot No. Lot No. 
Data - Data -
1 5 5  
SEE WSI STATUS 
TAG # *7 3 2'3 . 
, 
I 
Resins MATERIAL SAFETY-DATA SHEET 
CARBOSET@ RESINS 
SECTION I 
Manufacturer's Name Telephone Number Transportation Emergency 
The BE'Goodrich Company (216) 447-6000 Telephone 
Chemical Group CHEMTREC: (800) 424-9300 
Address Chemical Family Trademark 
6100 Oak Tree Blvd. Acrylic Polymer. Carboseta Resin: 
Cleveland, Ohio 44131 Varying amounts of 514 XL-11 XL-35 
I ammonia water. 514N XL-28 XL-40 
total solids in 514H XL-19 XL-37 
SECTION 11 - HAZARDOUS INGREDIENTS 
C.A.S. Amount in ACGIH OSHA 
NUMBER product** TLV-TW7-i PEL 
Ammonia 7664-41-7 0.4% 25 PPm 50 PPm 
** Twical amount: not a specification. a -  
Notes: TLV-&: Threshold Limit Value - Time Weighted Average for 
concentration of the chemical substance in the ambient 
workplace air. 
Industrial Hygienists, 1982 Edition. 
29CFR1910.1000. 
American Conference of Governmental 
0 OSHA PEL: OSHA Permissible Exposure Limit, 8-hour TWA. 
SECTION I11 - PHYSICAL DATA (Typical data, not specifications) 
Boiling Point 
212OF (loo°C) 
Melt Point Specific Gravitv (H20=1) 
Not Applicable (NA) 1.1 
Solubility in Water % Volatile by Volume Vapor Density (Air = 1) 
Soluble in alkaline Water: See Table 1 NA 
water . 
Apoearance and Odor 
See Table 1 See Table 1 
% Total Solids 
*Supersedes 10/81 
pH and T9 
See Table 1 
BFGoodrich 
Tho BFGoodrlch Company, Chomlcal Group/GlOO Oak Tree Blvd.. Cleveland, Ohio 44 1 3 1 Ch&?nical Group 
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SECTION IV - RE AND EXPLOSION HAZARD DATA 
F l a s h  P o i n t  
Aqueous System (no t  a p p l i c a b l e )  
~ 
. .. . 
Flammable L i m i t s  i n  A i r  
(% by volume) Lower: NA 
Upper: NA 
Ex t ingu i sh ing  Media 
I f  water is evaporated o f f ,  d r y  polymer could burn. Water sp ray ,  ABC d r y  
powder and p r o t e i n  type a i r  foams are e f f e c t i v e .  Carbon d i o x i d e  may be 
i n e f f e c t i v e  on l a r g e r  f i r e s  due to a lack o f  coo l ing  c a p a c i t y  which may 
r e s u l t  i n  r e i g n i t i o n .  
S p e c i a l  F i r e  F igh t ing  Procedure 
P o s i t i v e  p r e s s u r e  se l f -conta ined  b rea th ing  appa ra tus  should be used. 
Personnel  n o t  having s u i t a b l e  r e s p i r a t o r y  p r o t e c t i o n  should l e a v e  t h e  area 
to p reven t  s i g n i f i c a n t  exposure to  t o x i c  combustion g a s e s  from any 
source. 
Unusual F i r e  and Explosion Hazards 
None known. 
SECTION V - HEALTH HAZARD DATA 
Threshold L i m i t  V a l u e  
None e s t a b l i s h e d .  
E f f e c t s  of Overexposure 
None known. 
Emergency and First A i d  Procedure 
I N  CASE OF EYE CONTACT: 
.for an extended time, n o t  less than f i v e  ( 5 )  minutes.  F lush  longer  
if t h e r e  is any i n d i c a t i o n  of  residual chemical  i n  the eye. See a 
phys ic ian .  
Immediately f l u s h  eyes  w i t h  p l e n t y  of  water 
M CASE OF SKIN CONTACT: Remove contaminated c l o t h i n g .  Wash the 
affected area with plenty of soap and water. If irritation develops, 
see a phys ic ian .  
I N  CASE OF INHALATION: 
as soon as possible i f  
I N  CASE OF INGESTION: 
symptomatic. 
SECTION VI - REACTIVITY DATA 
S t a b i l i  tx 
S t a b l e  
Move t o  f r e s h  a i r .  Obtain medical a t t e n t i o n  
asthmatic symptoms are ev ident .  
Low o ra l  t o x i c i t y .  Any t r ea tmen t  should be 
Hazardous Polymerizat ion 
W i l l  n o t  occur. 
Hazardous Decomposition Products  
CO, C02, and small amounts of  aromatic and a l i p h a t i c  hydrocarbons. 
I n c o m p a t i b i l i t y  (materials to avoid)  
Lowering product  pH by acid a d d i t i o n  could r e su l t  i n  p r e c i p i t a t i o n .  
0156 b/27/2 
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SECTION V I 1  - SPILL OR LEU PROCEDURE PM- 002 
Steps  to be t aken  i n  case material is released or spilled 
Dam-up the s p i l l  area i f  necessary. 
s u c h  as sand, sweeping compound or a commercial absorbent. Place i n t o  
closed container for  disposal .  
D o  n o t  f lush chemical i n t o  publ ic  sewer or water system. 
CAUTION: 
Absorb s p i l l  wi th  an i n e r t  material 
Wash the s p i l l  area w i t h  soap and water. 
S p i l l  of polymer may c rea t e  s l ippery  conditions. 
Waste Disposal Method 
Dispose of waste i n  accordance w i t h  a l l  federa l ,  s ta te  and local health 
and p o l l u t i o n  laws and regulations.  These products, for  waste d i sposa l  
purposes, a r e  not defined or designated as a hazardous waste under current 
provis ions of t h e  Federal Resources Conservation and Recovery A c t  (RCRA). 
40CFX261. 
Liquid waste may be disposed of by incinerat ion.  
mixed'with a drying or bulking agent such  a s  f l y  ash  or sawdust so t h a t  
the r e su l t an t  mixture may be disposed of i n  a l a n d f i l l .  
p roh ib i t  disposal  of l i qu ids  i n  l a n d f i l l s .  
The l i q u i d  waste may be 
Most states 
SECTION V I 1 1  - SPECIAL PROTECTION INFORMATION 
Vent i 1 a t  ion 
E f f i c i e n t  exhaust ven t i l a t ion  should always be provided to draw fumes and 
vapors away from workers to  prevent rout ine inhalat ion.  Vent i la t ion  
should  be adequate t o  maintain the ambient workplace atmosphere below the  
TLV listed i n  Section 11. 
Respiratory Protect ion 
Wear a NIOSH/MSH?i approved resp i ra tor  whenever ex?osure to fumes or vapors 
1 -  exceed t h e  TLV listed i n  Section 11. r \  I i : -  
I !  I '  P ro tec t ive  Equipment 
-Chemical splash gaggles are recommended. 
-Wear pro tec t ive  gloves. 
1ytr cIpp\ 8 01: p--. 
SECTION I X  - SPECIAL PRECAUTIONS 
-Open, handle and use under well-ventilated conditions.. 
-Wash thoroughly af ter  handling. Always wash-up before ea t ing ,  smoking  or 
-Keep container closed. 
-Store products where temperatures are between 40-1009. 
using to i le t  f a c i l i t i e s .  
Avoid s to r ing  
containers  i n  d i r e c t  sunlight.  Vapors may be released c rea t ing  pressure 
i n  the  container. 
-Keep from freezing. 
-When neut ra l iz ing  or adjust ing pE, be sure to follow all sa fe ty  
precau t ions  regarding the  proper use  of the neutral iz ing agents involved. 
-Storage tanks, pumps, piping and f i t t i n g s  should a l l  be of Number 304 
s t a i n l e s s  steel, g l a s s  l ined carbon s t e e l ,  g l a s s  fiber reinforced 
polyes te r ,  or epoxy or phenolic coated carbon s t e e l .  Avoid z i n c ,  copper, 
i ron ,  aluminum and l o w  carbon steel (these mater ia ls  w i l l  either cause a 
breakdown of the polymer, d isco lora t ion  of the re s in  or reduce the pH by 
react ing w i t h  amonia  present  i n  t h e  r e s i n ) .  
require  spec ia l  handling. I t  is t h e  user's respons ib i l i ty  to obta in  and 
follow the cur ren t  recommendations and sa fe ty  precautions of the 
individual  addi t ive  suppl ier .  
-Other ingredients  you select for compounding w i t h  these products may 
0156b/27/3 
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SECTION X - TRANSPORTATION 
For domestic transportation purposes, these products are not defined or 
designated as a hazardous material by the U.S. Department of 
Transportation under Title 49 of the Code of Federal Regulations, 1981 
edition. 
USER'S RESPCNSIBILITY 
A bulletin such as this cannot be expected to cover all possible 
individual situations. 
safe workplace, all aspects of an individual operation should be examined 
to determine if, or where, precautions, in addition to those described 
herein, are required. Any health hazard and safety information contained 
herein should be passed on to your customers or employees, as the case may 
be. BFGoodrich must rely on the user to utilize the information we have 
supplied to develop work practice guidelines and employee instructional 
programs for the individual operation. 
As the user has the responsibility to provide a 
DISCLAIMER OF LIABILITY 
As the conditions or methods of use are beyond our control, we do not 
assume any responsibility and expressly disclaim any liability for any use 
of this material. Information contained herein is believed to be true and 
accurate but all statements or suggestions are made without warranty, 
express or implied, regarding accuracy of the information, the hazards 
connected with the use of the material or the results to be obtained from 
the use thereof. Compliance with all applicable federal, state and local 
laws and regulations remains the responsibility of the user. 
0156b/27/4 
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a 
Carboseta % Total  
Resin Sol ids  
51 4 
5 14H 
514N 
XL-11 
XL-19 
XL- 28 
XL-35 
XL-37 
XL-40 
*As supplied. 
30 % 
40% 
30 % 
30% 
40 % 
30% 
30 % 
35% 
30 % 
Carbosets .&sin 
514N 
XC-28 
XL-40 
Table 1 PM- 002 
0 Vola t i l e  
by Volume Appearance - Odor pEI* ELfOSs 
70 % 
60% 
70 % 
70% 
60 % 
70% 
70% 
65% 
70 % 
Hazy l i q u i d  
Milky whi t e  l i qu id  
Hazy l i q u i d  
Milky w h i t e  l i qu id  
Milky white l i qu id  
Hazy l iqu id  
Milky whi t e  l i qu id  
Milky w h i t e  l i qu id  
Hazy l i q u i d  
Acryl ic  
A c r  y 1 i c 
Acrylic 
Acryl ic  
Acryl ic  
Acr y 1 i c 
Acryl ic  
Acr y 1 ic  
Acryl ic  
7.0-7.6 27 
6.7-7 . 3 27 
7.0-7 . 6 27 
6.6-6.9 55 
7.6-8.0 26 
7.0-7.6 27 
6.4-6.8 56 
6.8-7.2 42 
7.0-7.6 27 
Preservat ive 
0.2% Methyl Paraben (Tenneco Chemicals, Inc . )  
0.1% Propyl Paraben (Tenneco Chemicals, Inc . )  
0.2% Sodium dehydroacetate (Ganes Chemical, Inc.)  
0.02% Na3T Sequestrene (Geige Chemical Corp.) 
0.2% D o w i c i l  200 (Dow Chemical Company) 
4.5% Propylene glycol  
0.3% Methyl Paraben 
0.2% Propyl Paraben 
APPENDIX - WARNING STATE;MENT S/PRECAUTIONARY MEASURES 
CAUTION! 
Use with adequate vent i la t ion .  Keep container closed. Wash thoroughly 
after handling. Pro tec t ive  gloves and splash goggles are recommended. 
Spi l led  polymer is s l ippery  - use  care  to avoid f a l l s .  
0156b/27/5 
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Appendix F 
M a n u f a c t u r e r ' s  L i t e r a t u r e  and Material S a f e t y  Data 
S h e e t  for  RTV S i l i c o n e  Rubber Compound. 
161 
RTV 
SILICONE 
,RUBBER 
PRODUCT 
DATA 
- ,  - 
3 
RTV 560 
SILICONE RUBBER COMPOUND 
for high temperature potting, encapsulating and sealing applications 
where low temperature flexibility is required 
P ROOUCT DESC R I PT I ON 
General Electric RTV 560 is a two-component room 
temperature vulcanizing silicone rubber compound 
used where a combination of low temperature flexi- 
bility and high temperature resistance, is required. 
RTV 560 is supplied in kit form with DBT (dibutyl 
tin dilaurate) as a standard catalyst suitable for 
typical applications. 
RTV 560 is red in color and has a pourable viscosity 
of  approximately 30,000 cps. 
PRODUCT FEATURES 
RTV 580 
APPLICATIONS 
General Electric RTV 560 silicone rubber compound 
is used for potting or sealing applications where 
environmental temperatures range from - 1  15C ( - 1  75F)  
to  +360C (500F). In addition, it also is used as a 
thermal insulation. a firewall sealant, for fabrication 
of heat shields, and in ablative coatings in aerospace 
applications. 
1 -  POTENTIAL BENEFITS 
Resistance to temperature extremes Retention of elastomeric properties at  temperatures 
from - 1  15C ( - I  75F)  up to 260C(500F)cont inuous-  
ly and up to  3 16C (600F) for short periods of rime 
Excellent adhesion capabilities to many materials 
with the iise of primer 
Offers longer working time and deeper section cUie 
than offered by one component adhesive seahn t s  
Simple handling procedures and equipment Easy to use in production applications 
Variable work life by adjusting the amount of 
catalyst 
Room temperature cure 0 Eliminates need for bulky and costly ovens and 
associated energy costs 
Composition free of solvents and solvent odor  Contributes to. worker comfort 
162 
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RTV 560 
SILICONE RUBBER COMPOUND 
PRODUCT DATA 
Color 
Consistency 
Viscosity, cps 
Specific Gravity 
Nonvolatile Content, '3% 
Shelf Ltfe, mos C? -1 8C (OF) 
RTV 560 
Red 
Pourable 
30,000 
1.49, 
100 
6 
Work time E 25C, hrs 
Cure Time @ 25C, hrs 
TYPICAL CURED PROPERTIES 
(0.5 wi $6 DBT Curing Agent Added, Cured 168 hrs. @ 25C and 50% R.H.) 
Mechanical 
Hardness, Shore A DuroFeter  
Tensile Strength. kg/cm- (psi) 
Elongation. 5 
Tear Strength, kg!cm (Ib/inj 
Shrinkage, 5 
Electrical 
Dielectric Strength, kv/mrn (v/mil) 
he lec t r ic  Constant C? 100 Hz 
Dissipation Factor Ca 100 Hz 
Volume Resistivity. ohm-cm 
(1.9 m m t h i c k )  
1 
24 
Thermal 
Useful Temperature Range. O C  (OF) 
Thermal Conductivity, 
gm-ca~/sec, cm2,  W / c m  
(Btu/hr, ft2, OF/ftj 
Coefficient of Expansion. 
cm/cm OC 
(inlin, O F )  
(Btu/lb, O F )  
Specific Heat, cal/gm, O C  
RTV 560 
55 
42 (600) 
110 
0.2 - 0.6 
6.1 (45) 
19.7 (500) 
3 .-I 
0.006 
1 x 1015 
-1 15 to 260 
(-175 to  5 0 0 )  
0.00074 
(0.1 8) 
(1 1 x lo-') 
20 x 10-1: 
0.35 
(0.35) 
PRODUCT 
DATA 
SPEC I F I CAT1 ONS 
RTV 560 
SILICONE RUBBER COMPOUND 
Properties shown in the Typical Product Data section 
should not be considered or used in preparing specifi- 
cations. Assistance and recommendations are available 
by contacting General Electric . Company, Silicone 
Products Division. 
9 
INSTRUCTIONS FOR USE 
MIXING 
Select a mixing container 4-5 times larger than the 
volume of RTV silicone rubber compound to be 
used. Weigh out  the RTV silicone rubber base com- 
pound and add the appropriate amount of  curing 
agent. 0.5% DBT by weight will provide a work time 
or  pot life of about one hour and a cure time of  24 
hours. The pot life may be lengthened by using less 
DBT. With clean tools, thoroughly mix the RTV 
base compound and the curing agent, scraping the 
sides and bottom on the container carefully'to pro- 
duce a homogeneous mixture. When using power 
mixers, avoid excessive speeds .which could entrap 
large amounts of air or cause overheating of the 
mixture, resulting in shorter pot life. 
OEAERATlNG 
Air entrapped during mixing should be removed to 
eliminate voids in the cured product. Expose the 
mixed material to a vacuum of about 25 mm (39 in.) 
of mercury. The material will expand, crest, and re- 
cede to about the original level as the bubbles break. 
Degassing is usually complete about two minutes 
after frothing ceases. When using the RTV for pot- 
ting, a deairing step may be necessary after pouring 
to avoid capturing air in complex assemblies. 
- CURING 
Using DBT curing agent at a level of 0.5%, RTV 560 
silicone rubber compound will cure in 24 hours at 
25C (77F) and 50% relative humidity t o  form a durable 
resilient rubber. Under these conditions a pot life of 
about one hour will typically be available for pouring 
and working with the catalyzed RTV. Pot life may be 
increased by up to 24 hours or more by refrigerating 
the compound at OC (32F) after catalyzing. Cure 
time may be shortened as much as 75% by using mild 
* 
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heat up to 93C (ZOOF) maximum. For information 
on curing agents for faster cure, deep-section cure, or 
machine dispensing see General Electric data sheet 
covering curing agents. 
If RTV 560 silicone rubber compound is to be used 
at temperatures over 15OC (302F), the cured product 
should be properly conditioned prior to service. 
Following room temperature cure of 1-3 days, a 
typical program would be eight hours at 15C (45F) 
intervals from lOCC (21 2F) t o  the service temperature. 
Longer times at each temperature will be required for 
larger parts or very deep sections. 
- 
BONDING 
RTV 560 silicone rubber compound requires a primer 
to bond to non-silicone surfaces. Thoroughly clean 
the substrate with a non-oily solvent such naphtha, 
methyl ethyl ketone, or  I ,  I ,  I-trichloroethane and 
allow to dry.' Then apply a uniform thin film of 
General Electric S S  41 5 5  silicone primer and allow 
the primer to air dry for one hour or  more. Finally, 
apply freshly catalyzed RTV 560 to primed surface 
and cure as recommended. 
When solvents are used, as described, proper sqfety 
precautions must be observed. A11 solvents must be 
considered toxic and should be used only in wzll- 
ventilated areas. Exposure to solvent vapors must be 
avoided. If flammable solvents are used, storage, mix- 
ing and use must be in areas away from open flames 
or other sources of ignition. The selection of any 
solvent, particularly chlorinated hydrocarbon solvents, 
will, require consideration of  applicable OSHA, EPA, 
and other federal, state and local regulations. 
For more details on priming and adhesion please 
refer to General Electric data sheet on RTV primers. 
STORAGE AND HANDLING 
RTV560  base compound and DBT curing agent 
will remain useful for six months from the date 
of shipment when stored in the original unopened 
containers at  temperatures below - 1  8C (OF). Material 
removed from the freezer should be allowed t o  return 
to  room temperature before container is opened to pre- 
vent the condensation of moisture in the compound. 
At temperatures below 5C (40F), the DBT curing 
agent may solidify. Warm gently to liquefy before 
using. 
Uncured RTV 560 silicone rubber conipound is 
not  known to produce any  toxic  effects. 
DBT (dibutyl tin dilaurate) causes eye 
irritation and may cause skin irritation. Avoid contact 
with skin and eyes. In case of contact flush with 
water ;  for eyes, call a physician. 
Caution: 
PRODUCT 
DATA 
SAFETY PRECAUTIONS 
Material Safety Data Sheets defining the known 
hazards and describing appropriate safet). precautions 
with respect t o  the product are available upon request 
from General Electric Company,  Silicone Products 
RTV 560 
SILICONE RUBBER COMPOUND 
Division. Similar information sheets for solvents and 
other  chemicals used with our  product may be ob- 
tained from the supplier and used accordingly. 
AVAl  LAB1 LlTY 
General Electric RTV 560 silicone rubber compound 
is available from General Electric Company and from 
authorized GE Silicone Products distributors. For the 
name of  your nearest distributor or for mort: informa- 
tion on this product.  contact General Electric Com- 
pany. Silicone Products Division. RTV Products 
Department, Waterford, New York 12188.  or the 
Silicone Sales Department office nearest you. 
As General Electric Company has n o  control over the use t o  which others ma\. put the material. it 
does not  claim or warrant that  in your  particular circumstances. the results you  will obtain from the use 
of the product will be the  same as those described in this communication. or that you will find the 
information or recommendations complete,  accurate. or useful. The Company accepts n o  liabilit>,. i n  
negligence or otherwise, for any damage resulting from your  reliance on the information or reconi- 
mendations in this communication. You should test the material t o  determine if the material is suitable. 
and 'or  ou r  claims valid. in your  particular circumstances. None of the possible or suggested uses of 
the materials in this communication are a license under m y  General Electric patent covering ~ 1 1 ~ 1 1  use 
o r  a recommondation for  use o f  such materials in the infringement of any patent.  
GENERAL ELECTRIC COMPANY 
SILICONE PRODUCTS DIVISION 
R N  PRODUCTS DEPARTMENT 
WATERFORD. NEW YORK 12188 
PHONE (518) 237-3330 
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a Raw Material Cert i f  k a t  ion 
Date:  ddb’ L?( I $ s C  
C U S T O M E R ’ S  PURCHASE O R D E R  N O .  
SHIPPER’S PACKING SLIP N O .  
F 7 3cz 
Lc: \ \ U L 3  
We hereby c e r t i f y  t h a t  t h e  m a t e r i a l  sh ipped  o n  t h e  above p a c k i n g  s l i p  
conforms t o  a l l  s p e c i f i c a t i o n s  requirements  c a l l e d  o u t  o r  r e f e r e n c e d  
on t h e  above purchase  o r d e r .  
1 
SUNNYVALE OAKLAND 
62 Sonora Court 1076 40th St. 223 
DENVER 
4880-J lronton Sr 
PORTLAND SEATTLE SALT LAKE CITY 
1 E ColurnDia Blvd 6520 5W Place South 3455 W 1820 South 
P O  Box 3515 Po Box 11068 P O  Bclz 8:084 P 0 Bok 27077 
Sunnyvale, CA 94088 Oakland. CA 94608 Portland. OR 9721 1 Seafrle WA 98108 Salt Lake City UT 84127 Denver CO 80239 
(408) 739-32“ (415) 652-5044 (503) 284-0777 (206) 767-4463 (801) 973-421 1 (303) 371-9440 . 
166 
~ 06620 SYSTEMS PRINTING'OF SAN FRANCISCO 
1 
ELECTRICAL SPECIALW CO. 
t I Paso Tents 79935 
llZl0 Araoui Di Unil BI  
Trl 19151 594 8251 
Tukrila lash 9819 Ikaltlcl 
4411 h 134lh PIacc 
Td (mi 241 IOIO 
0 
0 %19 Dittrihtion 0 
Fullnton Cali1 92531 Dmvn C O I M ~ O  somi 
3999 Holly Slice1 0 1631 Oingelkrpc c3 
Sn Diep Cali1 91111 
Td 16191 58bl255 
Tel 0 0 3 1  321 0226 
Lor kylcr. Calif VD40 
12U Cadw SI  
Td 1213) 7 Z C W  Td I7141 77fOZW 
So San Francisco Calil 94080 
345 Swil l  Are 
TeI 14151 589 9611 
Phoenix kiz 65034 
Tel 1602) 2755736 
$111 L d c  City. U l d  84104 
1493 hv lh  700 We11 
Td I1011 972 4184 
Porllmd on 17210 
3549 111 V m  Aw 
Tcl (W)2273(01 
m2 bdh T)th SI 
TO Woven Structures 
Dick A T T N  
D A T E -  
LAX65198 
OUR PACK SHEET NO 
CERTIFICATE OF CONFORMANCE 
WS6823 THIS IS T O  C E R T I F Y  T H A T  M A T E R I A L S  SUPPLIED O N  VOUR P.O. NO. 
H A V E  BEEN M A N U F A C T U R E D  IN ACCORDANCE W I T H  A N D  CONFORM T O  APPLICABLE SPECIFICATIONS AND/OR STANDARDS 
I T E M  NO. 
1 
=FO-107 
MANUFACTURER 
Ge silicone 
DESCRIPTION 
RTV-560 red 12 l b  kit 
SEE WSI STp,TUS 
TAG# 2 7 9 C Y  
1 6 7  
~ 
MATERIAL SAFETY DATA SHEET 
COPYRIGHT GENERAL ELECTRIC CO. 1986 
MANUFACTURED BY: 
GENERAL ELECTRIC CO. 
SILICONE PRODUCTS DIV. 
WATERFORD, NY 12188 
PAGE : 
RTV560 
EMERGENCY TELEPHONE: (24 HRS) 
(518) 237-3330 
REVISED: 1/08/86 
PREPARER:DA POLSINELLI 
1 
***** I PRODUCT IDENTIFICATION * * * * *  
PRODUCT IDENTIFICATION: RTVS60 CHEMICAL FAM1LY:SILICONE RUBBER COMPOUND 
CHEMICAL NAME: METHYLPHENYL COMPOUND FORMULA : MIXTURE 
***** I1 PRODUCT COMPONENTS *****  
APPROX. ACGIH OSHA CAS REG 
PRODUCT COMPOSITION 
A. HAZARDOUS 
ETHYLSILICATE 
B. NON-HAZARDOUS 
-------------*------ 
< 5% 10 100 
***** I11 PHYSICAL DATA ****** 
**PRODUCT INFORMATION 
BOILING POINT : >545 (F) >285 (C) 
VAPOR PRESSURE(20 C): NEGL. MM HG 
VAPOR DENSITY(AIR'=l): NEGL. 
FREEZING POINT : NA (F) NA (C) 
MELTING POINT : NA (F) NA (C) 
PHYSICAL STATE : LIQUID 
ODOR : SLIGHT 
COLOR : RED 
SOLUBILITY IN WATER(20 C):INSOLUBLE 
E9)LUBILITY IN ORGANIC SOLVEMT: PARTIAL I N  
(STATE SOLVENT) 
PPM 78-10-4* 
% VOLATILE BY VOLUME:<2 
EVAPORATION RATE : NEGL . 
(BUTYL ACETATE=l 
SPECIFIC GRAVITY :1.42 
( WATER=l ) 
DENSITY : 1414 
ACIDITY/ALKALINITY :UNKN 
PH : NA 
TOLUENE 
***** IV FIRE AND EXPLOSION DATA * * * * *  
FLASH POINT: >200 ( F) >93 ( C) 
FLAMMABLE LIMITS IN AIR(%): LOWER 
EXTINGUISHING MEDIA: 
ALL STANDARD 
SPECIAL FIREFIGHTING 
NONE KNOWN. 
FIREFIGHTING 
PROCEDURES: 
KG/M3 
MEG 
BY FMCC. IGNITION TEMP:>503 ( F)>26( C) 
NA UFPER NA 
MEDIA 
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***** V REACTIVITY DATA ***** 
STABILITY: HAZARDOUS: 
HAZARDOUS DECOMPOSITION PRODUCTS: 
X STABLE UNSTABLE POLYMERIZATION WILL NOT OCCUR 
CARBON MONOXIDE. 
CARBON DIOXIDE. 
SILICON DIOXIDE. 
NONE KNOWN. 
NONE KNOWN. 
, INCOMPATIBILITY (MATERIALS TO AVOID): 
CONDITIONS TO AVOID: 
***** VI HEALTH HAZARD DATA *****  
ACUTE SiGNS/EFFECTS OF OVEREXPOSURE: 
INGESTION: 
MAY CAUSE STOMACH DISCOMFORT. 
SKIN CONTACT: 
UNCURED PRODUCT CONTACT MAY IRRITATE THE SKIN. 
INHALATI ON : 
NONE KNOWN. 
MAY CAUSE MILD EYE IRRITATION. 
NONE KNOWN. 
NONE KNOWN. 
NONE KNOWN. 
EYE CONTACT: 
MEDICAL CONDITIONS AGGUVATED: 
OTHER : 
CHRONIC EFFECTS OF OVEREXPOSURE: 
EMERGENCY AND FIRST AID PROCEDURES: 
INGESTION: 
NONE KNOWN. 
SKIN: 
WASH WITH SOAP AND WATER. 
INHALATION : 
NONE KNOWX. 
EYES : 
IN CASE OF COI?TACT, IMMEDIATELY FLUSH EYES WITH PLENTY OF WATER 
FOR AT LEAST 15 MINUTES AND GET MEDICAL ATTENTION IF IRRITATION 
PERSISTS - ~~ 
NOTE TO PHYSICIAN: 
NONE KNOWN. 
2 
TOXICITY : ETHYLSILICATE 
ACUTE ORAL LD50: >lo00 (RAT) MG/KG 
ACUTE INHALATION LC50: >lo00 PPM/4HR. 
m-5 .ACUTE DERMAL LD50: NONE FOUND MG/KG 
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OTHER: 
PRINCIPAL ROUTES OF EXPOSURE: 
MILDLY IRRITATING TO SKIN (RBT). 
AMES TEST: UNKNOWN 
DERMAL - SKIN. 
THIS PRODUCT OR ONE OF ITS INGREDIENTS PRESENT 0.1% OR MORE 
IS NOT LISTED AS A CARCINOGEN OR SUSPECTED CARCINOGEN BY 
NTP, IARC, OR OSHA. 
PRODUCTS/INGREDIENTS: 
THIS SPACE RESERVED FOR SPECIAL USE. 
***** VI1 SPECIAL PROTECTIVE EQUIPMENT *****  
RESPIRATORY PROTECTION: 
NONE KNOWN. 
PROTECTIVE GLOVES: 
CLOTH GLOVES. 
EYE AND FACE PROTECTION: 
SAFETY GLASSES. 
OTHER PROTECTIVE EQUIPMENT: 
NONE KNOWN. 
VENTILATION: 
NONE KNOWN. 
ACT1 ON 
*** VI11 SFILL, LEAK AND DISPOSAL PROCEDURES ***  
WIPE, SCRAPE OR SOAK UP IN AN INERT MATERIAL AND PUT IN A 
CONTAINER FOR DISPOSAL. 
WASH WALKING SURFACES WITH DETERGENT AND WATER TO REDUCE SLIP- 
PING HAZARD. 
TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED: 
WEAR PROPER PROTECTIVE EQUIPMENT AS SPECIFIED IN THE PROTECTIVE 
EQUIPMENT SECTION. 
DISFOSAL METHOD: 
DISPOSAL SHOULD BE MADE IN ACCORDANCE WITH FEDERAL, 
LOCAL REGULATIONS. 
STATE AND 
*****  IX SPECIAL PRECAUTIONS 
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: 
CAUTION! 
AVOID CONTACT WITH EYES. 
EYEWASH STATIONS. 
ENGINEERING CONTROLS: 
*****  
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**  X SHIPPING AND REGULATORY CLASSIFICATION DATA **  
DOT SHIPPING NAME: NA 
DOT HAZARD CLASS: NA 
DOT LABEL(S): NA 
UN/NA NUMBER: NA 
, PLACARDS: NA 
, EXPORT: NA 
EPA HAZARD WASTE: NA 
OSHA HAZARD CLASS: NA 
CPSC CLASSIFICATION: NA 
TWSPORTATION CLASS: IMO NA 
RID (OCTI) NA 
ADR (ECE) NA 
RAR (IATA) NA 
NFPA/HMIS CLASSIFICATION: FLAMMABILITY 0 , REACTIVITY 0 HEALTH 1 
ADDITIONAL INFORMATION: 
THIS PRODUCT OR ITS COMPONENTS ARE ON THE EUROPEAN INVENTORY OF 
EXISTING COMMERCIAL CHEMICALS (EINECS). 
THESE DATA ARE OFFERED IN GOOD FAITH AS TYPICAL VALUES AND NOT 
AS A PRODUCT SPECIFICATION. NO WARRANTY, EITHER EXFRESSED OR 
IMPLIED, IS MADE. THE RECOMMENDED HANDLING PROCEDURES ARE 
BELIEVED TO BE GENERALLY APPLICABLE. HOWEVER, EACB USER SHOULD 
REVIEW THESE RECOMMENDATIONS IN THE SPECIFIC CONTENT O F  THE 
INTENDED USE. 
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